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Niagara Falls, N.Y., Plant 


Vorganton, \.C.. Plant 


Yours «+. 
Kor The Askine! 


GRAPHITE USERS should be interested in having a copy of our 
recently issued brochure Engineered Performance. 


Owersease Carbon A Coke { ompany 


The brochure points out the growing 
significance of graphite in electric- 
furnace and metal-casting operations. 
It tells an illustrated story about our 
plants, our processes and our products. 
And it presents some of the reasons 
why 


in supplying their requirements for 


customers can rely upon us 


graphite electrodes, anodes, mold stock 


and specialties. 


* Let us know, on your company 
letterhead, if you would like a copy 
of this informative brochure —we will 
send one to you promptly with our 


ADMINISTRATIVE OFFICE: 18 East 48th Street. New York 17, N.Y. 
PLANTS: Niagara Falls, N.Y.. Morganton, 


OTHER OFFICES 


Niagara Falls, Oak Park. ILL. Pittsburgh. Pa. 


SALES ACENTS IN OTHER COUNTRIES: Great Northern Carbon & Chemical Co. Lid. Montreal. Canada 


Leneva, Switzerland; Great Eastern Carbon & Chemical Co. Inc. 


Chiveda-Kua, Tokyo, 


Japon 
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Published to provide a continuing, authori- 
tetive, and up-to-date record of tech- 
nological, engineering, and economic 
progress in oll branches of the metals 
industry by the 
Metals Branch 
American Institute of Mining and 
Metallurgical Engineers, Inc 
29 West 39th Street, New York 18 
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crane 


becomes 89-ton crane 
th 7 e 
United States Steel’s Edgar Thomson Works stiffener plates of the trolleys. This change 
in Braddock, Pennsylvania, needed new and increased the crane capacity from 50 to 85 
heftier crane equipment to handle larger tons with no increase in size 
ladles. One of the requirements was four new The structure was welded with AWS 
crane trolleys which were to operate on the E12015 electrodes. It was as easy as welding 
: same bridges, if possible, and in exactly the carbon steel. No stress relief was needed. And 
5 same clearances as before the welds developed the full yield strength 
The trolleys had to be stronger but no of the steel: 90,000 psi. minimum. 
larger than before; so ordinary steel wouldn't Remember this story when you must weld 
do. Needed, was a steel of exceptional strength very high strength parts—parts that must 
: which could be welded easily. Lots of alloy operate at temperatures as high as 900°F. or 
teels could have met the strength require as low as 40°F. below zero, parts that must 
ments; but USS “T-1" Steel was the only withstand tremendous impact abuse, abra- 
j steel that could supply not only the required sion, or tensile stress. Then consider USS 
strength, but good weldability as well “T-1" Steel. We'll gladly send you full par- 
r-1" Steel plate—in %%” and 1” thick ticulars. Just write to United States Steel, 
nesses..was used in box girders and lateral Room 4798, Pittsburgh 30, Pa. 
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UNITED STATES STEEL CORPORATION, PITTSBURGH + COLUMBIA GEMEVA STEEL DIVISION, SAN FRANCISCO 


TEMWESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. + UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST. 1O-COAST 
STATES STEEL EXPORT TORE 


ee 9 SEE THE UNITED STATES STEEL HOUR. It's o fyll-hour TY program presented every 


other week by United Stotes Steel. Consult your loco! newspaper for time ond station 


CONSTRUCTIONAL ALLOY STEEL 


STATES | 
; : 


Metallurgical Engineer with three 


WANTED: 7 hose wholly or to seven years experience in hydro- 

Metallurg mult metallurgy, for an expanding lithium 

A . ernestry T* following employment items ore mode chemical processing plant. Salary 

on yailable to AIME members on a non- open. Location, South. W1452 

or profit the Engineering Societies Per- Process Research Metallurgist, re- 

yervice inc., operating in cooperation cent graduate metallurgist, or me- 

< “ ynder Societies. Local offices chanical engineer with metallurgical 

f the Pe el Service are at 8 W. 40th St, interest, for brass and copper alloy 

New York 18; | worth Ave, Detroit; mill. Opportunity to gain broad 

eeceanc SSOCIATE: Opportunity fer Pos Son Francisco; 84 E. Randolph St, knowledge of entire road, strip, tube 

Chicago | ts should add mo and wire mill operations while work- 

bovernment controct while working for on to the proper snbers if e of the New ing. Location, New England. W1483. 

{ include 6c in stomps for for Metallurgist, up to 40, for manu- 

commensurate with research duties ; 3 application. The ap- facturer of forgings and rolling mill 

yre plocec im position Dy Must have had at least two years ex- 

ty. Evonston, iilinets ne t ervice, to pay the placement perience in administrative and su- 

AIME members may pervisory work on ferrous metals al- ‘ 

kly bulletin of positions available loys in production functions on job 

| ter, $12 a yeor shop forgings. Will assist chief met- 

allurgist on test work laboratory, 

Assistantships end Fellowships eveilable to POSITIONS OPEN customer contact and allied functions 

students with degrees le sek , *4+,- Research Engineer, 35 to 40, to on ferrous forgings Salary, $6600 to 

em oS mate we Apply to Deport take charge of research laboratory $7800 a year. Employer will pay 

ment of Metallurgy, The TF ~ <q tly chemical and metallurgical placement fee Location, western 
ere rT operations and some work in sanita- Chicago suburb. C3079 

, that i ewage disposal, refuse Corrosion Engineer, metallurgical 

lisposal for pulp and paper industry or chemical engineering graduate, 


Metallurgical calcining and chemical with cathodic protection experience 


operations. Must have had experi- on pipe lines. Salary, $9600 a year, 
Lere poration in Mew York Stote hes ence in this field and have ability in plus $300 a month living expenses 
sanity fer management. Salary open. Location, Duration six to eight months. Loca- 
— oh northern New Jersey. W1514 tion, France. F1487 
voted srhet development end produc Chief Design Engineer, mechanical 
sien of of slloying clement Salery Physical Metallurgist, Ph.D. met graduate, 32 to 42, with at least 10 
ommensurate with beckground oy eng ip to ov Must have had at least . 
Bos om AME years equipment experience cover- 
tw eal eT as My Sice 
29 West 39th St., New York 18 ing sheet metal products and con- 
‘ a | ave Kn trols Salarv $6000 to $8000 a year 
Wi Location, Newark, N. J. area. W- 
or metallurgical engineering train- 
Company inufactures vaives eee 2 tal 
eer to $10.000. Lo tion, Chi img and sales 
Tella’. Ip ) i An 
+ products fields to sell powder metal- 


lurgy products. Salary, $4800 a year 
REWARDING Plant Superintendent, 35 to 45, plus commission and expenses. W- 
raduate LE. or M_E. or metallurgi- 1637 
NEW CAREER il engineer, with at least 10 years Metallurgists for production and 


experience wit? general obbing 


OPPORTUNITIES research problems connected with 
: hop of the boiler shop type, where 


stainless steel operations. B.S. de- 


gra 


and de constru wee gree in engineering required. Salary, 
y pra ed Experience Mo eo alloys open. Location, East. W-1565 
tainless steel, Monel, nicke 
t powe to ng tor shaping and J 
$4420 a yes ’ on, northern New 
hop practice welding by 
P | 8 Sales Engineer, 30 to 40, for con- 
re, submerged gas (heliar« > 
- tinuous cast products. Prefer some- 
and gma) and unionmelt is re 
4 one with metals experience but will 
red Salary, $9000 a year, plus ‘ 
VIBRATION ENGINEERS « consider man with allied training 
W1438-S Straight salary; car furnished plus 
expenses. Established midwest ter- 
, ritory in Cleveland area. Salary to 
$7500 a year. Headquarters, New 
METALLURGIST York, N. Y. W-1182 
needed os Process Metal Metallurgist, recent graduate, no 
irgist in brass mill manufacturing previous industrial experience re- 
eryllium-copper, phosphor-bronze quired to work in materials control 
kel-silver in the form of laboratory of automotive company 
trip. wire and rod on product control and material 
specifications Salary, $4800 a vear 
aper ond solory desired t 
UNITED AIRCRAFT CoRP Devertmert, The River Junior Metallurgist, graduate, for 
is ey! ; fe Metal Compony. Div. of H. K testing and processing copper and 
. Porter Company, inc.. Riverside aluminur wire and strip products 
New Seseey Salary, $4200 to $4700 a year. Loca- 
tion, central New York State 
W1218(a) 
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tomic energy 
opportunities 


METALLURGISTS 
CERAMISTS 
SOLID STATE PHYSICISTS 


with the Atomic Energy Division of 


SYLVANIA 


Timely ond unusual career openings working with 
high level staff on the research and development of 
reactor components and fuel elements for commercial 


and military applications of atomic energy 


Positions are available at all levels for engineers and 
scientists in an important growth division of Syivania 
All inquiries will be kept confidential and will be 
onswered within two weeks. interviews will be oar 
ranged at our Boyside, L.!., N.Y. Laboratories at 


Syivania’s expense. Relocation expenses poid 


Please forward 
complete resume to 


Monager of Personnel 


SYLVANIA 


SYLVANIA ELECTRIC PRODUCTS INC. 
Atomic Energy Division * Box 59, Bayside, Long Island, New York 
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ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Deportment. Ten per cent discount 
given whenever possible. Order Gov- 
ernment publicetions direct from the 
agency concerned 


Coordination, Control, and Financ- 
ing of Industrial Research, edited by 
Albert H. Rubenstein. King 
Pre $8.50, 429 pp., 1955—The re- 
port of the Fifth Conference on In- 


Crown 


dustrial Research sponsored by the 
lept. of industrial engineering at 
imbia University mprises the 
; tion of thi book The 
rth conference, held in 1953, is 
‘ ‘ pact Dut a lesser 

ree 


Turboblowers, by A. J 


lohan V Sor Inc $28.00, 377 
i OK ul with the 
od ynamic 
pect tu wer design. It 
tiline f attack on 
and lis- 

‘ art turhbe 

at ad 
' pe e given promi- 
tf Ne method 

cplore A 

‘ tofa gle pat 

’ ex. 

t t ‘ le 
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PROFESSIONAL SERVICES 
Limited to AIME members, or fo com 
ponies that hove ot least one AIME 
member on their stoffs. Rates $40 per 

yeor per inch 


DR. B. EGEBERG 
Metallurgical Consultant 


Reg. Prof Er 


tee! & Met 
perat Research 


‘Meriden, Conn 


LEDOUK & COMPANY 


SHIPPERS REPRESENTATIVES 


35° Alfred Ave Teaneck New Jersey 


MAK STERN 
Consulting Engineer 
Expert for Scrap Recovery and Ship 
wrecking Modernizotion of Plants 
wd Yords for Ferrous ond Nonferras 
Metro! rap 
149 Broedway New York 6. N.Y 


L. TALBOT 


Consulting Metollurgica!l Engineer 


Extraction ond Refining of Base Metols 
Seeciolizing in Cobolt ord Copper 


Reom 331, 64 Stete St. Boston 9, Mass. 


1955 
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Books for Engineers 


X-Ray Diffraction by Polycrystalline 
Materials, edited by H. S. Peiser, 
H. P. Rooksby, and A. J. C. Wilson. 
The Institute of Physics, approx. 
$9.00, 725 pp., 1955—The book is an 
attempt to answer the need for a 
comprehensive survey of the special 
and important practical methods of 
investigating crystals in powdered or 
polycrystalline condition. It has been 
written by some 30 members of 
X-ray div. of the Institute of Physics, 
London. Early chapters deal with 
tactics, and the latter with strategy 
The book is divided into three parts; 
experimental techniques, interpreta- 
tion of data, and practical uses of the 
techniques in different fields 


Forming of Austenitic Chromium- 
Nickel Stainless Steels. Internationa! 
Nickel Co., Inc., $5.00, 394 pp., 1955— 
The revised and expanded edition of 
a book that was first published in 
1947, the current volume shows the 

nute details of how to form the 
nickel 


Descriptions f 


stainless steels 
de veloped 


processes, especially those using on- 


nromiury 
newly 
ne solid die, and their applica- 
tion to the forming of stainless steels 
are included, along with detailed 
liscussions and illustrations of older 
and more conventional methods. The 


iy 


book explains the effect of various 
compositions, tempers and finishes 


n the forming characteristics 


Manganese, by A. H. Sully. Academi 
Pre Inc., $6.50, 305 pp., 1955—This 
the third book in the series Met- 


of the Rarer Metals. The 


ook, the author believe contains a 
lescription of all the more important 
contribution which have been made 
to the tud f anganese and its 
Conservation and recovery of 
inganese is given special attention 
the early chapters of the book 
Plastics Tooling, by Malcolm W 
Riley. Reinhold Publishing Corp 
$2 23 pr 1955—Plasti tooling 
till iz ts infancy Thus, instead 


f attempting to present a definitive 


DOOK on the ubject, the author has 

piled a status report. The book 
ntends to bring the reader up to 
iate on the resins and methods used, 


and the major applications of p!as- 


tics tooling 


The Fabrication Properties of 16- 


Alfenol—_A Non-Strategic Alumi- 
num-Iron Alloy. U.S. Naval Ord- 


nce Laboratory, 75¢, 27 pp., 1955 
The report describes methods for 


fat ating 16-Alfenol to overcome 
t herent hard and brittle charac- 
terist The preparation of the al- 

fabrication of ingots into strip 


ind tape, and the magnetic proper- 


ties obtained are discussed. Please 
order from OTS, U. S. Dept. of 
Commerce PB111552, Washington 


High-Resolution 


Autoradiography 
for Study of Grain Boundaries in 
Metals. Engineering Research Insti- 
tute, University of Michigan, for 


U.S. Army Ordnance Corps. $2.25, 
82 pp., 1955—Research was directed 
first toward development and refine- 
ment of the autoradiography tech- 
nique and, second to the study of 
several distinctly different metallur- 
gical systems by autoradiography to 
evaluate its capabilities and limita- 
tions. Results obtained amply dem- 
onstrate the value of autoradiogra- 
phy as a metallurgical research tool 
Discussed are radioactivity and its 
detection, the unique value of auto- 
radiography as a means of detection, 
description of the techniques of 
making autoradiographs of metallic 
samples, and descriptions of experi- 
mental methods used in making ra- 
dioactive specimens for each of the 
studied and  autoradio- 
graphic results obtained. Metallur- 
gical phenomena studies include dif- 
fusion, gases in metals, effect of heat 
treatment on mode of distribution 
of a minute phase, and the modify- 
ing effects of trace quantities of an 
element on the formation of a sec- 
ond constituent. Please order from 
OTS Uv. S Dept of Commerce, 
PB111558, Washington 25, D. C 


svstems 


Consulting Services, 15th edition 
Assn of Consulting Chemists and 
cal Engineers, Inc., $1.00, 144 
955—Section I of this book con- 
tains more than 200 items of activ- 
itv, with the members specializing 
or qualifying in the given field indi- 
cated by key numbers. Section II 
describes each member's qualifica- 
tions and activities. Section III con- 
tains an alphabetical listing of mem- 
bers, and names of organizations 
with which they are 


} | 
geographical location 


connected by 
Letterhead 
requests stating source of reference 


Guide for Labour Inspectors. [nter- 


national Labour Office, $1.00, 107 pp.., 
1955—In drawing up the guide the 
International Labour Office took in- 
to account the International Labour 
Conference at the Labour Inspection 
Convention, 1947. While practical 
inspection standards have been 
evolved on the international plane it 
has been recognized that details of 


the zation and operating prac- 


inspection services vary from 
country to country 

Depreciation, by E. L. Grant and P 
T. Norton, Jr. Ronald Press Co., 
$7.50, 504 pp. 1955 This revised 


comprehensive manual for engi- 


neers, accountants, and industrial 
managers deals with depreciation 


from the point of view of account- 
ing and income taxes. This edition 
includes a new chapter on the In- 
ternal Revenue Act of 1954 as it 
affects the rules governing deprecia- 
tion tax practice 


the cell room in ELrecrromet’s new electrolytic manganese plant at Marietta, Ohio 


Now Available! 


Trade-Mork 


ELECTROLYTIC MANGANESE 99.9% pure 


Specifications of ELECTROMET Electrolytic Manganese 


For all uses where a high-purity 


manganese is required... 


ELECTROMET’s process for making electrolytic man- 
ganese produces high-purity metal with a minimnum 
of 99.9 per cent manganese. This material is well 
suited for all uses where high-purity manganese is 
required, as in the production of low-carbon stainless 
steels, high-temperature alloys, non-ferrous alloys, 


and electrical resistance alloys. 


A nitrided 


electrolytic manganese, containing about 6 per cent 


Nitrogen-Bearing Electrolytic Manganese 
nitrogen and 93 per cent manganese, is also avail- 


able for metallurgical uses from ELECTROMET. 


The term “Electromet” is a registered trademark of Union 
Carbide and Carbon Corporaticn. 


! 
' 
4 


Analysis: Manganese 99.9% min. (on metallic basis 


approx. 93% manganese 


Nitrogen-bearing Grade 


approx. 6% nitrogen 


Dehydrogenated material is available 


Packeging: Usually packed in steel drums holding 500 
lb. of material. Smaller packages available at small 


premium 


For further information about ELecrromer electro 


lytic manganese metal, and other E.ectromer ferro 


alloys and metals, please contact the nearest 


E.ecrromet office listed below 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street uc New York 17. N.Y 
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@ Kaiser Aluminum & Chemical pern 


Cort ; ng $750.000 worth of and secret 
ilum ‘ ting facilities at ifs civiilan use 
; reduction plant. Con- progran 
underway and comple- Data of n 
ni cheduled for late this year within the 
Casting f tie g the direct Under the 
; method i ipply rolling m- confidential! 
got for Kaiser Aluminum nearby mace iva 
Tre fu | heet na piate ro ng can now a 
1 other potential customer tior f the 

ne profe 

@ The At Energ Com: ! ecret data 
Ipt ed a regulation estal ning abie to per 
i ina riteria for granting need mite 


strial Notes 


access to confidential 


restricted data relating to 


of atomic energy under 


announced Apr. 20, 1955 


ilitary significance is not 
cope of this progran 
ce permit program 
restricted data may be 


able to any person who 


potential use or applica- 
information in his busi- 
ion, or trade. However, 
may only be made avail- 
sons showing evidence of 
d to a definite period of 


are you producing 


Titanium Stabilized 


well aS prices and del 


TAM 
PRODUCTS 


as 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 


321 STAINLESS STEEL 


essen the 


ca on of 
nA num 
f n Ferro 
s. Our 

FT may also 


¢ latest tech- 


iverics 
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time, for specific information having 
an immediate or significant effect on 
their business, profession or trade 


A 32-page dictionary of steel 
terms of particular value to men 
who buy or use cold finished steel 
bars has been published by LaSalle 


Steel Co., Chicago 80, Ill. Called 
Simplified Steel Terms and Engi- 
neering Data, the book contains 


more than 180 relatively detailed 
definitions frequently used in the 
purchase, manufacture, treating, ma- 
chining, and finishing of steel. 


® The 13th Annual Pittsburgh Dif- 
fraction Conference will be held 
November 3 and 4 at the Mellon 
Institute, Pittsburgh. Sessions will 
deal with instrumentation and 
methods, neutron diffraction, and 
metals, with provisions for papers 
on general diffraction subjects. Em- 
phasis this year will be on imper- 


fections and phase transformations 
Titles of contributed papers should 
be sent to the program chairman, 
W. L. Kehl, Gulf Research & Devel- 


opment Co., P.O. Drawer 2038, Pitts- 
burgh 30, before September 1. Ab- 


stracts should be submitted by Sep- 
tember 20 


General Services Administration 
granted a $1,183,495 contract to Na- 
tional Research Corp. to finance con- 
truction and operation of a demon- 
tration pilot plant for production of 
titanium by a new non-Kroll 
process developed by the company 
The plant will be designed for 1000 
lb of metal per day and will be 
build ng to be erected 
near the company’s equipment div 
in Newton, Mass. The process has 
already been operated on a small 
pilot plant scale in Cambridge for 
under a joimt program 
Chemical Co., pro- 
high purity in 


metal 


housed in a 


two years 
with Monsanto 
ducing a 
crystalline form 


* American Silver Co. predicts that 
it will soon be rolling titanium at a 
thickness of 0.0005 in. The company 
has already produced commercial 
quantities of rolled titanium down 
to 0.0008 in. American Silver pro- 
duces titanium foil in the commer- 
cially pure alloys, Ti-75A and RC-55. 


® Total estimated employment in 
the iron and steel industry rose 13,- 
300 in April March figures 
with some 643,200 persons at work 
Wage earners averaged 39.9 hr per 
wk during April, with a total esti- 
mated payroll of $282,025,000 for 


wage earners and salaried personnel 


metal of 


over 


@ Norelco X-ray Diffraction Schools 
sponsored by the research & control 
North American 
Philips Co., Inc., are scheduled at 
the Sir Francis Drake Hotel, San 
Francisco, September 26 to 30, and 
at the Hotel Kr Chica- 
go, October 10 to 14. No registration 
fee is charged for the schools 


instruments div 


ickerbocker 


| 
i} 
ne 
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my 
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low this steel tends 
this re ca npiushed Dy ti 
ri™ Fert l s low 
TAM, as a pr " pplier of low 
Tita , pr our req 
roa experience the applicatior 
| Why not write our New York office for ha 
Kroadwa New York Ca 
as ore smd A 4 
Niagara Falls, New York 


CHAE OF IME 


New G-E accessory extends practical range of x-ray 


spectrography down through SULPHUR 


N° you can get a direct chart record of all 
lements down to atomic number 16 with G-I 
x-ray diffraction units. General Electric has devel- 
oped a helium tunnel assembly for use with the No 
2 SPG Spectrometer that increases sensitivity per- 
mits tor the first time routine accurate quantitative 
analysis of such widely present elements as sulphur, 
chlorine, potassium and calcium 

Substituting helium atmosphere for air in the 
path of soft x-rays greatly extends x-ray's fluores- 
cence detection range. For example, the intensity 
of potassium goes up by a factor of 400. The in- 
tensity of radiation is such that low concentrations 
are measurable at levels which depend on the nature 
of the matrix —e.g., about .01 percent sulphur in 


oil. In many instances smaller atomic numbers than 
sulphur may be analyzed 

Of particular importance to such fields as petro- 
leum, rubber and metallurgy — the new accessory 
can be adapted to existing No. 2 SPG Spectrometers 
with a simple conversion kit. For complete informa 
tion, see your G-I X-fay representative, or writ 
X-Ray Department General Electric Company, 
Milwaukee 1, Wisconsin Request Pub. AY-74 


Progress Is Our Most Important Product 
GENERAL@@ ELECTRIC 
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DV pieneryo:)~ getting to be almost as familiar a more than 245 different alloys, with thousands of 
word t. The latest thing is a driverless trac- hours expended for testing. While the end result 


tor train that can be summoned almost anywhere in was only five usable alloys, it contributed to the 
i plant | mply pushing a button. The latest in development of new and better equipm« nt 

mat handling magic was shown at the National The foundry at the center Is equipped for melt- 
Mat Handling Exposition in Chicas when a ng. casting. forging, and heat treating alloys. Four 
fu ded tractor train made it Way ign a nduction furnaces, powered by a 50 kw, 3000 cycle 
plant to the hip roor The train f ws a motor generator produce melts from 10 to 140 lb 
te t by a guide wire strung from the ceiling Ingots are forged on a 2500-lb steam hammer and a 

It ed the Guide-O- Mat ind is the latest de- maller air-operated unit. Within the foundry re- 
; f the Barrett-Cravens Co. The setup 1s search area are facilities for preparing and testing 
automat wilt either operator nol and molds. When completed standards for spectro- 
; nnect {Ulre i t to w k. The graphic tests of alloys are expected by B&W to be 

tead toward its terminus at any the most comprehensive in existenct 

nos ed . tely unas utomatic control The metallurgical section of the laboratory 1s 
abs sathering material on the mechanical properties of 
Rad waves transmitted over the w ontrol metals at low and high temperatures, In addition to 
the througt nal boxes at joing research on strength, ductility, toughness, ar d 
le t} ighout the plant. To call a hock and impact resistance. The section has facili- 
I ‘ 3 button and the unit ties for heat treating, micro-polishing, micro-ex- 
to the station where U nal smining. and for determining the expansion behavior 

‘ ked ffer metal alloys. Alloys car be heat treated at tem- 

oo é‘ the t K from U head guia peratures up to 2350°F for short peri ds and at 
elect that answ more usual service temperatures in the neighbor- 

he the route set hood of 1850°F for longer periods. Microstructures 
Rout ' ana s¢ e mar f metals can be investigated at magn fications up 

be set i t in the floor to 2500X% 

' er! Other sections are at work on engineering physics, 
welding, refractories chemical f roblems, oil and gas 

eeeceooe burning. steam generation, and cyclone furnace 

t ratior 


1 th iri ts that h with a cay TEEL is no longer a “prince or pauper” business, 
t I the f tl i th eople who S cording to Arthur B. Homer, president of 
net ‘ the hem Steel C Speaking at the ecent annual 
t t f ind the an- meeting of the American Iron & Steel Institute Mr 
re i. t? t iit In new Homer predicted an average increase In capacity of 
t plant I the steel industry of about 4 million tons a year ove! 
0) f ti t t t the e- the next 15 vears. Thus, by 1970 capacity would be 
ent : I ire wate approximately 50 pct greater than it is today 
i t met ‘ eact - 3ehind Mr. Homer’s thinking is a predicted popu- 
t Wate t f ve heat ytior e in the U. S. to 200 million people by 1970, 
; t é tructural with an ever increasing rise in the per capita steel 
el element adding mate- consumption. Along with his prognosis, Mr. Homer 
! nd othe expects that the current “modern conservative’ 
é t naterials policies of the industry will cont nue on the part of 
t powe reactor the individual companies, the public and Govern- 
f ti esse me sat the re- ment. The steel executive makes no bones about 
f ! bon and oxy- 1954. It was a year “of unn istakable recession as 
ir? oy Other reflected t some measuring rods,” he feels 
id f tests f ' ed heat ex- “What happened was a spiraling jown which was 
tre tudes cl ire irrested The economy level i ff at a relat vely 
test high plateau and the nation was back on the road to 
‘ linats at he te has beer ecovery wt h we are still t iveling I believe 
Ked wT ! ew boiler ft nts this reflects the operator of a nurnbe of plus fac- 
higt temp ture i re ir peration tors in our economy which give grounds for confi- 
igh researc? t elti isting, forgir and dence that we are on the threshold of a period of 
act g new metal a Experimental alloys stabilized growth 
: t pret ed anc tested f high and “ “Such stabilizers as unemployment compensation, 
ature cor! n and eep-rupture. One pro- per ym social security, and veterans’ payments 
xtending over more than two years involved performed their role in maintaining spending lev- 


788 JOURNAL OF METALS, JULY 1955 


els.” Those factors, plus a reduction of personal 
taxes, meant that “disposable income after taxes 
actually increased during a time of technical 
depression.” 

Mr. Homer made note of the progress in respect to 
labor matters. “Those of us in the industry know 
that the campaign for more income security for 
hourly-paid employees has obscured the very real 
gains which have been made on that front. The steel 
industry's expenditures since 1946 of over $6 billion 
for modernization and expansion have greatly 
broadened our product ranges and have enabled us 
to offer a far greater degree of employment stability 
than ever before . The billions spent to diversify 
our products and therefore our consuming fields will 
continue to be an immense factor in stabilizing 
employment.” 


ANADIAN aluminum reaching fabricators in 

the U. S. has shown a steady increase since 
1949. This year some 225,000 tons are expected to 
flow into this nation. Aluminium Ltd. has been ener- 
getically wooing the independent fabricators, de- 
spite the 1.5¢ per lb duty it must absorb. Aluminium 
Ltd. sold to only seven U. S. fabricators in 1946, 
but today is serving more than 100 firms. What's 
more, shipments to the U. S. are expected to jump 
to a total of 290,000 tons in 1956, according to 
Nathanael V. Davis, president of Aluminium Ltd 

Mr. Davis, in a recent appearance before the 
House Small Business Subcommittee, stated 
we have solicited the business of the rapidly 
growing independent (nonintegrated) fabricators 
We have done so in the belief that the independent 
fabricators would look upon us as natural supplier, 
not competing with them in the U. S. fabricating 
business—and that we on our part could look to 
them as steady buyers in both good times and bad 
times—in comparison with those who produce their 
own ingot requirements.” 

Mr. Davis noted that Aluminium Ltd. cannot fill 
all the orders received by his company, but hopes 
that the future will bring even greater increases as 
the projected expansion program brings in more 
production 


O one has been blowing trumpets or beating 

drums but in the last 10 years the Netherlands 
has developed its metals industries to a remarkable 
degree. Until recently, the country has been pri- 
marily an agrarian nation, but in the last decade the 
metals industry has expanded to a greater extent 
than any other segment of the economy. It necessi- 
tated a reorientation of the working force—for years 
undermined by self-imposed passive resistance 
against the German occupation authorities. In addi- 
tion to the general lassitude, the Netherlands had a 


“Trends 


scarcity of foreign currency, making it difficult to 
replace machines taken by the occupation forces 
The industry had regained its prewar standard by 
about 1948 or 1949 and in the five years since 1949 
the Dutch metals industries increased its sales by 
about 130 pct. Aggregate Dutch industrial sales in- 
creased 95 pct for the same period 

By 1950 Dutch metals industries employed 423,- 
000 persons, just about twice the number in 1930, 
although population increased by only 28 pct be- 
tween those years. By the end of the fourth quarter 
of 1954 the metals industries were pushing hard 
against the food industry—for centuries the leade 
in Dutch economic life. Aggregate turnover of the 
metals industries at that time reached an annual 
rate of almost 7 billion guilders, compared with the 
industrial turnover of 24 billion 

Some 30 pct of Dutch exports are 
metal products. Holland is still in the infant stage 
of steel production, however. Preduction is barely 
1 million metric tons of crude steel per year. Yet, 
even that figure is some 18 times the production in 
the last year before World War II 


country’s total 
guilders annually 


A rotating cutoff mochine ot Lorain works of U.S. Steel 
Corp.’s Notional Tube div. prepores a length of seomless 


pipe for cold extrusion. The machine is held by clamps 
while six cutting tools in the rotating head trim the pipe 
end. Extensive research ond development was conducted 
before production began 
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Pumping Pit with Ingersoll- 


w into river, 


vertical turbine pumps, 

f mill-seale recovery sys- 
Allenport, Pa. plant of 
burgh Steel Corp. Two 6000 
nits, in foreground, recircu- 
ettled water. Smaller 3000 
pumps, at top, discharge 


In mill-scale recovery 
I-R Pumps of Stainless give 
30 Times the Life 


CORROSIVE ACTION of a notoriously unclean 
river polluted with acid mine drainage... 
is defeated by these Ingersoll-Rand pumps. 

Erosion is minimized, too. Erosion by 
abrasives in recirculated water of a milliscale 
sluicing system. And erosion by hard, tough 
particles in water agitated by a clamshell 
used for scale removal. 

That's why pumps of standard materials 
needed extensive repairs after only two 
months’ use. 

In contrast, chromium-nickel stainless steel 
without 


logs ¢ ficienc and pe rformance. 


units operated five sears re place- 


ments or 


Ingersoll-Rand pump specialists, metallur- 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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In Rolling Slabs at the hot strip mill, scale is 
removed from hot steel by water jets. Water car- 
ries the scale into a collecting tank. From the tank, 
a clam-shell bucket removes it to sintering plant. 
Steel content is used in blast furnaces, and stream 
pollution is reduced by the mill-scale recovery. 


gists and engineers use these money-saving 
nickel alloys for impellers, casings, shafting, 
bolting and even for small interior parts of 
pumps in mill-scale service. 

You, too, may set new standards of low- 
cost performance. Redesign to increase 
strength, yet reduce size and weight of your 
products or equipment, by using nickel alloys. 

When you have a metal problem, let us 
help you. We'll give you suggestions based 
on wide practical experience. Take the first 
step now ... write for “List A” of our avail- 
able publications. With it comes a (fn 
form for outlining your diffi- NC 
culties. Write today. 


67 Wall Street 
New York 5S. Y. 
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Journal of Metals Reporter 


Heppenstall Co. announced the first press forging of uranium on a 
pilot plant commercial scale. A 1000 ton press is used to 


forge the metal by means of V dies and swage dies. Uranium 
is heated to forging temperature in a salt bath and quenched 


in water after forging to prevent oxidation. 


Westinghouse Electric pave deveLoned a method for 
obtainin i f - Called 


cage zone refining, = oe of impure er: is melted pro- 

gressively from end to end. Iron, a common impurity in 

titanium, concentrates in the liquid titanium and follows 

the molten zone to the end of the bar. More impurities are 
t t s is r ated. 


Aluminum Co. of America announced a new alloy offering excellent 
properties at re 600"F is available in 


quantities. erature range gives value in 
the aircraft and industries. 
Some 2] U.S. firms will take part in the United Nation's August 


conference on peaceful uses of atomic energy. They will set 
up their products in a private exhibition hall in Geneva. 

The number of U.S. firms contrasts sharply with the government 
backed British commercial exhibit that includes some _]00 
United Kingdom manufacturers of nuclear equipment. Official 
scientific exhibits of the participating nations will be 
housed in Palais des Nations, four miles from the commercial 
exhibit hall. 


Molybdenum Corp. of America and Kennecott Copper Corp. will 
Jointly develop a columbium-tantalum ore deposit in Canada at 


Oka, about 43 miles southwest of Montreal. 


Plans have been completed and a charter issued for construction of 
Canada's first seamless steel pipe mill employing the automatic 
rocess, according to Mannesmann A.G., Duesseldorf, Germany. 
ae Plant is scheduled for construction at Sault Ste. Marie, 
Ontario. Steel requirements will be filled by the neighboring 
Algoma Steel Corp. 


The Gov t divert ©) f 4 
lb of nickel from shipment to the national stockpile in the 
July-August-September quarter to ease continuing shortages. 
Diversion of aluminum is really a deferment and the Government 
will obtain the metal at a future date. 


It has been reported that some copper consumers have been forced 
to pay substantial premiums for relatively small tonnages and 
also to resort to costly conversion deals in copper scrap. 
Some copper products manufacturers are said to have paid 44¢ 
per 1b for small lots. 
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the existence articles, speeches, editorials, news stories, and other 
communication have been based on infor- 
mation furnished by the commission. Often enough, 
source credit is omitted, but the message 1s there— 
of that there is no doubt 
Probably the most taxing of commission tasks is 
the promotion of the most effective utilization of 
engineers. America’s technological manpower re- 
sources are limited. It represents a new concept— 
one that is only now gaining some degree of under- 
standing. It involves more than just the military 
and industrial present. It encompasses the very in- 
dustrial future of the country 
One of the most valuable instruments in supply- 
ing the latest information on demand and distribu- 
tion of engineering manpower and the basic factors 
n the engineering manpower situation has been the 
Newsletters distributed by EMC. The commission 
as been steadily collecting data on the utilization of 
in the armed forces and brings the infor- 
he proper people in the Defense Dept 
group of engineers being separated from the 
service possibly represents one of the most 
recruiting sources -for new talent. EMC 
been unsuccessful in gaining formal cooperation 
the Defense Dept. in setting up a system to 
trial recruiting of these men. It has been 
work with local area commanders through 
ive local option policy of the Defense 


ndamental reasons 


ering and Scientific Manpower Com- 


oneered in setting up commit- 
personnel to advise local selec- 
boards in cases of occupational defer- 
ittees were established in six states 
of Selective Service on recommen- 
ation by the commissions 
EMC h been doing an important job on the 
overall pi re, as attested by this letter received at 
AIME headquarters. “I am writing to commend the 
work of the Engineering Manpower Commission, 
and the AIME for supporting their endeavors 
“Last summer while working on my Phd. in physi- 
cal metallurgy at Columbia University, I was drafted 
the U. S. Army. Since then I have twice been 
derable difficulty with the army in regard 
to proper stationing and utilization of my profes- 
sional background. It has been solely through the 
fforts of Mr. W. T. Cavanaugh, of the E.M.C. that I 
presently properly stationed 
“During these efforts I had the additional oppor- 
tunity to observe the commission at work in Wash- 
ington. D. C. before Congress and elsewhere in their 
efforts to improve the relationships between engi- 
neers and the military services 
“I highly commend the work being done by the 
Commission and as a member of AIME am proud to 
know that the Institute is supporting the Commis- 
sion’s efforts 
Yours truly, 
Walter E. Bron.’ 


4. S. Cohan 


JOURNAL OF METALS, JULY 1955 


NE of the fu for 
O the Engineering Manpower 
the necs ty for establishing the im] 
engines oft on to the nationa! 
at and one that must be worked 
The group. a part of Engineers Joint 
beer large measure responsible fe 
\waret mn the part of Americar 
busine tant stake on th 
eering Mar wer Commissi 
Office f the Nat nai 
B to prepare a | gran for the 
‘ engines n the natic 
est nist W he the jot 
FIC de led t tinue EMC becau 
nd entist nd the 
the nternat tuatior 
K 1? Dba il! were 
| ma taining tre ip] 
té tre flective 
the ntenance 
‘ the nat 
wr es the k of the Engineeru 
mi tre onal societies Vept 
‘ the tituent Eng nee! 
nt Mi ‘ rr vate contribdu- 
tine +) ‘ nterested nm the contriDu- 
' tior et to tl tior Last year, EMC co- 
tie wit? tr ‘ tre Screntifi 
Ma ‘ gu t the engi- 
| ‘ tif fe be erved 
] tefu atior Fund e now solic- 
2 te und with the EMC off n New York 
it MC bureau in Was! LD. a de 
f f flex t ha een achieved that ha een here- 
f the bler faced | EMC ha 
bene he stead leclining enginet g en! ment 
t hout the int In 19 the mir on 
ee Wanted amy gn and by 
44 ‘ wed t we ‘ the trend 
\A t? ea ent fara meet pro- 
‘ e ? taken I ce 
| ittie t nail 1eT e that 
irse nt es to pou ! EM( n 
4 ‘ +} thy higt } teacher of 
cw | itiined t the com- 
mittee ‘ t at noment, and we 
AIME membs« wi ire t of EMC are H. K 
Work, L. H. Hart, Ju n Fe ind E. H. Robie 
One of t} nal functior f the dissemi- 


Thirty-One Year Old Furnace Bottom 


Yields Copper Bonanza 


by Harold Foard 


N JUNE 1952 bottom soundings were taken of 

Miami plant’s No. 4 furnace which had been in 
use since April 1922. These soundings showed an 
estimated inventory of 1,045,096 lb of copper below 
the floor level. By the end of May 1953 that inven- 
tory had increased to 1,206,668 lb. Despite careful 
attention to fettling, soundings of Decernber 1953 
showed a pool of molten matte, 8 ft in depth, to 
exist at a point 20 ft in front of the bridge wall, as 
shown in Fig. 1 

During 31 years, the furnace had been shut down 
many times and upon each occasion the bottom 
cooled and shrinkage cracks developed in both hori- 
zontal and vertical planes. When the furnace was 
next brought into operation the cracks became filled 
with liquid matte which solidified as it ran into the 
lower and cooler parts of the bottom. As the fur- 
nace reached full operating temperature and full 
expansion, growth of the bottom occurred. Repeti- 
tion of these cycles resulted in a bottom permeated 
with copper in the form of matte filled fissures 
Eventually, the furnace bottem consisted of nothing 
but pieces of slag surrounded by matte. As bottom 
temperatures increased the pieces of slag were at- 
tacked on every face by matte 


History of Furnace 

No. 4 furnace was first put into operation in April 
1922. The original bottom was built on a poured 
slag base 5 ft thick and a layer of crushed silica, 
from 30 to 36 in. thick, was tamped in on the slag 
base and fused in the conventional manner 

Shortly after the furnace was fired an undeter- 
mined amount of the silica bottom came up. In 
November 1924 the furnace was shut down after 
682 days of operation. Drilling of the bottom 
showed that the silica bottom had been replaced, to 
a depth of 6 to 10 in., by a heavy slag of high mag- 
netite content, containing 17.8 pct copper. This fer- 
rous slag had built up to a level of 6 to 10 in. above 
the top level of the original silica bottom 

Although more than half of the silica bottom re- 
mained in place at the time of the 1924 drilling, the 
remaining part had been enriched to an average 
copper content of 21.6 pct. The slag base under- 
neath had been enriched slightly, to 2.05 pct copper. 

H. FOARD is Superintendent, Miomi Plont, International Smelt 


ing & Refining Co, Miami, Ariz. This paper wos presented ot the 
AIME Annual Meeting, Chicago, Feb. 14 to 17, 1955 


The furnace bottom inventory indicated by the 
1924 drilling showed a total of 543,128 lb of copper, 
of which 433,492 lb was below floor level. Fig. 2 
diagrams the results of the 1924 drill survey 

War production and increasing labor costs neces- 
sitated a gradual] increase in daily tonnages afte: 
1944. The advent of natural gas fuel in 1946 allowed 
greater flexibility of operation but the lower flame 
temperature of gas increased the difficulty of main- 
taining tonnage rates at a high level. In addition, 
changes in orebodies of the district caused an in- 
crease in the slimes content of concentrates received 
and resulted in a very wet and refractory charge 
For months the furnace was on a charge of over 15 
pct moisture. Maintenance of high operating rates 
required greatly increased fuel consumption of ac- 
celerated rates of heat release with attendant dete- 
rioration of the bottom. Table I gives the pertinen 
operational data for No. 4 furnace 


Removal of Furnace Bottom 

Operations were transferred to another furnace 
at the end of 1953, and No. 4 was shut down for 
rehabilitation. The furnace was skimmed as well 
as possible and matte tapped until flow through the 
taphole ceased. While the furnace was still under 
fire, berms were thrown up to form a sump of the 
entire converter pit floor (elevation 3551 ft or 11 ft 
below the furnace floor elevation of 3562 ft) 

A 4-in. drifter was set up 35 ft from the end of 
the furnace. Round steel 1% in in coupled 
lengths, was chucked in the machine and the long 
length of stee] supported at intervals on tripods. A 
4 in. tungsten carbide insert bit was used, and the 
hole was started through the end foundation wall 
30 in. above the converter pit floor level 

Air was fed through the water feed of the ma- 
chine to remove driil cutting In addition a small 
amount of water was fed into the with 


diam 


same line 


Table |. Pertinent Operating Dota for No. 4 Furnace 


Millien 

Furnace 
Daye Tetal Tens Ave Tense Per Fur- 
Operated Charge Per Day nace Day 


1265 7 21685 

ou 2508 Se) 53 2036.7 
Gas fuel 1908 1,12 5 3603 3 
Total 568) 5 
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Fig. |—Soundings of No. 4 reverberatory furnace in Decem 
ber 1953 demonstrated a pool of molten matte 8 ft in 
deoth ot o point 20 ft in front of the bridge wall 


Approximate! 
reclaimed. Th 


ttom is show 


bottom wi 


was heav- 
remaining of 
e concentra- 

wing ocation 
ft from the bridge wall 


ft zone 


Table Ii. Chemical Anolysis of Reclaimed Furnace Bottom 
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B—A zone 35 ft in length beginning 50 ft from 
the bridge wall. This zone extended from wall to 
wall, and at places well into the wall. Penetration 
into the underlying clay was 2 ft 

Matte penetration was found to have extended 
entirely through the brick beneath the bridge wall 
and had been contained in places only by the con- 

e foundation wall. Only careful attention to 
fettling during the last few years of operation had 
prevented a disastrous runaway 

Heavy sidewall wear extended 60 ft from the 
bridge wall, in an area which had been considered 
to be fully protected by the furnace charge. Wea! 

irred in the form of a deep gouge at the matte 
At one point, 25 ft from the bridge wall and 
below the floor line matte had cut away half 
bottom end of a buckstay. 


Installation of New Bottom 
After removal of the old bottom the furnace walls 
and buckstays were repaired. Most of the old arch 
was held in place, to permit firing the furnace dur- 
ing bottom replacement. Following completion of 
wall and flue repairs the furnace was put under fire 
Four vertical burners inserted through the arch 
along the center line were used. Pouring of the slag 


Table It!. Temperatures Recorded at Thermocouples, °F 


May 10° May June July Sept ti 


1085 806 
860 608 
$20 


** Bott completed *** Operatior 


bottom was started on May 10, 1954, at which time 
the bottom had reached a temperature of 1650°F 

Approximately 2500 tons of molten reverberatory 
lag were poured through the converter slag laun- 
der to complete the new bottom. The pouring 
required slightly more than 7 days, during which 
tume the temperature of the slag surface was held at 
2000°F, as measured by optical pyrometer. At that 
temperature, although a very thin surface crust ex- 
isted, slag flowed freely from one end of the furnace 
to the other beneath the crust 

Following the pouring of the slag bottom 100 
cf flotation tailings were puddled in by means of a 


tons 


natural gas lance. The tailings were charged in bulk 
along the sidewall and mixture into the bath 


mee 


Fig. 2—Drill survey of No. 4 reverberatory furnace mode 
in Nowember 1924 ofter two years of operation showed 
thet more then half of the silica bottom remoined in place 
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Table 1V. Chemical Analyses of Slag Bottom as Poured and 
Tailings, Pct 


Material 


was carried on gradually over a period of three 
days. They were mixed into the slag thoroughly 
and formed a mushy layer over the entire surface 
The temperature of the bath was then raised to 
2400°F and firing at that temperature continued for 
24 hr, without agitation. This final firing caused 
the formation of a surface which was infusible at 
2400 °F 

During the rebuilding of the furnace wall a thermo- 
couple well was installed in the sidewall, approxi- 
mately 25 ft from the bridge wall, at an angle of 35 
from the vertical. The bottom end of the well was 
1 ft inside of the furnace wall and at the bottom of 
the slag fill, or 7 ft 6 in. below the floor line. An 
iron-constantan couple was placed at the bottom of 
the well, designated as couple No. 1. Two similar 
couples were installed in the well above No. 1 couple, 
No. 2 being 3 ft, and No. 3 6 ft from No. 1 as shown 
in Fig. 3. Temperatures noted at the couples after 
May 23, 1954, on which date firing of the bottom was 
completed and burners removed are in Table III 

The old furnace arch was repaired during the 
period allowed for cooling of the bottom, and the 
furnace was put into operation on Oct. 1, 1954 
Soundings of the bottom since that date indicate 
that, although the silica-enriched top of the slag 
bottom did not prove as resistant to erosion as had 
been hoped, it will perform satisfactorily. After two 
operation the bottom was 


months of continuous 
22 in a localized zone of 


eroded to a depth of 22 in 
maximum wear, 12 ft in front of the bridge wall 
Throughout the furnace generally, bottom erosion 
amounted to an average of 9 in. This wear is not ex- 
cessive when it is considered that the furnace was 
operated at the very heavy gas flow of 200,000 cu ft 
release of 1.700.000 Btu per sq ft 
of combustion area per hr 

Erosion of the bottom shows no further progres- 
sion, and it is believed that reasonable attention to 
fettling will keep it in check 


per hr, or a heat 


Composition of Slag Bottom 
The pouring of a solid slag bottom, instead of fus- 
silica bottom on poured slag, was based on 
Those records showed that. espe ¢ ially 
region of converter slag return, silica bottoms 
eroded rapidly. In addition, the entire silica bottom 
showed high copper absorption. After some years 
of operation the silica bottoms disappeared and op- 
erations continued successfully on the remaining 


ing in a 
plant records 


in the 


Table V. Analyses of Furnace Bottom After Firing, Pct 


Tep Ce ALO Fe CaO MgO 
Oto 4 058 519 8.1 215 5.0 12 
4to lt 61 17 67 13 
16 to 28 6.19 ar 61 15 73 13 


‘dic iron 


=! 


Fig. 3—Iron-constontan thermocouples were installed in 
the side woll, No. | couple wos | ft inside furnace wall 
and at bottom of slag fill, No. 2 and 3 couples were 3 and 
6 ft respectively from No. | 


slag bottom. Failure of the slag bottom seemed to 
stem from the filling of fissures with matte rathe: 
than gradual erosion of the slag surface 
Reverberatory slag produced at the time of pour- 
ing the furnace bottom was very fusible, and the 
admixture of other ingredients after pouring, to raise 
Flotation tailings 
were 


the fusion point was desirable 
were available at minimum 
deemed suitable for addition 


expense and 


Analyses of the slag bottom as poured and of the 
flotation tailings are given in Table IV. The com- 
posite furnace bottom was cooled after firing, and 
samples taken for chemical and mineralogical analy- 
sis. Chemical analyses are shown in Table V 

The top 4 in. of the completed bottom contained 
much quartz which, in part, appeared to retain the 
original grain outlines as present in the tailings. Th 
specimen was estimated to contain 30 pct quartz, 
15 pet aegirinaugite sheafs, and 25 pct 

aegirinaugite- 
X-ray patterns 


30 pet glass 
microlites Segregations of coarse 
magnetite spherulites were found 
did not show fayalite to be present 
Various sections within the range of 4 to 16 in 
were examined. No chemical nor mineralogical dif- 
ferences of importance were found between the 
various levels of this range, although texture wa 
lower levels. Secimens were 
volume, 30 pct fayalite, 60 


slightly coarser in the 
estimated to contain, by 
pet aegirinaugite, 9 pct magnetite, and 1 pct metal- 
Intergrowth of alternate plates of fayalite 
and aegirinaugite furnish the dominant texture. In- 
dividual plates of augite varied from 0.05 mm thick 
at the top of the to 16 in. range to 0.16 to 0.25 mm 
at the bottom. Individual plates 
0.03 mm to 0.8 to 0.16 mm thick, at corresponding 
levels 


of fayalite are from 


Acknowledgments 


of the International 
ion to pul 


Appreciation is due to official 
Smelting & Refining Co. for the 


perm: 


lish this paper. Acknowledgment also made to 
P. D. lL. Honeyman, general manager of the Miami 
plant, whose work in 1924 furnished information 


regarding the furnace bottom at that time 

Thanks are due to the geological dept. of the 
Anaconda Co., and especially to M. H. Gidel and 
Paul L. Cloke, for the examination of specimens at 
the geological research 


laboratory 


JULY 1955, JOURNAL OF METALS —795 


ame 
—— 
Slag 052 35.6 5.0 349 5.7 11 79 
Tailings 0.02 72.0 13.4 2.5 04 on sa iat 
> 
2% 
The 


Meeting 
the Market Place - 


Coal Looms 
As Low Cost Power 
Source For 


Aluminum Production 


by Arthur F. Johnson 
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LANT sites for the light metal industry must be 

located where ample low cost power is available. 
n the first half of this century, hydropower has 
been the only source of low cost power. Now the 
best of the hydro sites have been exploited and the 
remaining do not promise enough water to yield 
capacity operation tor the power plant all the year 
around. In searching for economic plant sites, engi- 
neers have concentrated upon locations where vast 
water power potential could be developed 

The Olin Mathieson Chemical Corp., like many 
others, has been studying the economics of develop- 
ing water power to make aluminum. Likewise, na- 
tural gas, lignite coal, and even atomic energy have 
been considered as possible sources of power to make 
aluminum. In these economic studies, consideration 
has been given not merely to investment and pro- 
duction costs, but to total costs of delivering fabri- 
cated products to the market center of the U.S 

When delivered costs are considered and full ac- 
counting is taken of the newest techniques of min- 
ing bituminous coal and utilizing it to make electric 
power, one arrives at the inescapable conclusion 
that coal has emerged as the economic answer to 
American aluminum production. Also coal should 
be considered as the logical new source of firm power 
for all major electro processes in the U. S 


Low Cost with Integration 
‘onsidering both investment and operating costs, 
it is estimated that power from coal can be made for 
as little as 3.5 mills per kw hr in plants of 300,000 
Kw capacity or more when made firm 365 days per 
year by interconnection with a public utility sys- 
tem. In many cases it will pay to have a utility 
company build and operate the power plant as well 
firm up the load when generators are shut down 


a> 
for repairs. Power from coal can cost less than new 
power from natural gas, hydro development or 


atomic energy. Moreover, power from coal is avail- 


t near the market center of the U. S. Two year 


awit 
reserves of cheap natural gas are chiefly limited to 
the Gulf Coast, and the remaining great hydro- 
electric potential is in the northeast U. S. or Canada 


both of which are too far removed from raw 


materials and from U. S. manufacturing and con- 
suming centers in the east and midwest 

$y integrating coal mines with power plants and 
ndustrial plants, lowest costs are secured. The inte- 
grated plants, if located on a navigable river, enjoy 
water compelled freight rates on raw materials 
Integrated plants can be economic even when built 
yn much smaller streams if cooling towers or a cool- 
ng reservoir is used for condensing steam. The coal 
mining areas have ample rural labor available and 
enjoy some tax advantages 

Considering all these favorable factors, it will pay 
all large power consuming industries to study the 
economics of integrating their plants with power 
plants located at coal mines. Coal mining states 
should examine not only the means by which low 
power can be made available to industry but 


ll the other factors which industry must con- 
selecting a plant site involving a substantial 
investment. The potential business that might be 
captured by these states in the next 20 years is not 
just an estimated 66 million tons more of coal 

A. F. JOHNSON is Mining Engineer, Olin Mothieson Chemicol 
Corp. New York. This article is on abstract of the paper presented 
ot the AIME Annual Meeting, Chicago, Feb. 14 to 17, 1955 


Table |. Total Fuel and Operating Costs of Texas Power & 
Light Co., 1939 


Costs Mills per Kw br 


needed to make power but also the metal and chemi- 
cal businesses worth billions of dollars per year 


More Power From Less Coal 

In 1938, the coal burning plants of the electric 
utility industry required an average of 1.4 lb per 
kw hr. By 1954 this average had been reduced 
down to about | lb and there were at least 34 plants 
that required less than a pound of coal per kw hr 
With a modern boiler (operating at 1800 lb pressure 
and 1000° to 1050°F) and a modern turbine and 
generator, it is possible to generate 1 kw hr with 
9300 Btu's of fuel. Depending on the mining dis- 


trict, lb of coal contains about 10,000 to 14,500 
Btu’s. The yearly fuel bill for any large central sta- 
tion boiler today is usually greater than the installed 
cost of the boiler equipment. Therefore, any in- 
crease in cycle efficiency represents a worthwhile 
amount of money One of the latest advances in 
steam boiler design is that incorporated in the Philo 


plant of the Ohio Power Co. of the American Gas & 
Electric system. Here the net plant heat rate is ex- 
pected to be about 8500 Btu's per net kw hr depend- 
ing on the vacuum obtained in the condenser. In the 
month of November 1954 a heat rate of 9050 was 
actually achieved in the Muskingum plant of this 

mpany. The efficiency trend of coal utilization 

e the year 1900 and projected to 1956 is shown 


he 1925 to 1930 construction era, it took about 
one power plant operating employee per 1000 kw of 
installed capacity. By 1951 a two unit, 325,000 kw 
coal burning power plant used only 0.31 employees 


per 1000 kw capacity 


More Coal With Fewer Men 
Since 1905 coal production per man per day in the 
average U. S. mine has increased from 3.5 to 8.4 tons 


as shown in Fig. 2. However, such statistics do not 
nearly reflect the great increase in efficiency. For 
example, some efficient new mines are producing 
more than 25 tons per man day underground 

Coal mining costs are being cut by the use of such 
improvements as the Armstrong coal breaker, me- 
chanical cutting, and extensible conveying from the 
coal mine face to the power plant boilers. The Arm- 
strong breaker uses highly compressed air instead 
of dynamite to blast down the coal and so eliminates 
disagreeable fumes. The coal miner of today is the 
operator of huge undercutting and loading machines 
He receives the highest rate per hr in the mineral 
industry plus a pension based on 40¢ per ton of coal 
mined, but his job is intermittent. The coal miner 
and the coal community need stable industries with 
steady employment 12 months per year. If there 
were more power-consuming heavy industries lo- 
cated at the coal mines, every person in the mining 
community could benefit from ultimate utilization of 
the coal rather than on the mining alone. This 
would insure a permanent healthy industrial growth 
in the coal mining states. This is the magic formula 
for creating boom towns instead of ghost towns 


Costs of Power from Coal 

The costs of electric power generation from coal 
are broadly made up of fuel cost, other operating 
costs, and money costs consisting of interest, amor- 
tization, taxes, and insurance on the investment. On 
large plants built today money costs may be kept 
down to as low as 1.0 mill. Accordingly, to attain a 
3.5 mills total power cost, fuel plus operating costs 
should be not more than 2.5 mills. Total fuel and 
operating costs of only 1.48 mills per kw hr were 
attained by the Texas Power & Light Co. as early as 
1939 when their costs were as shown in Table I 

To attain such low costs TP&L integrated a coal 
fired steam plant with a coal mine and used a reser- 
voir for cooling the condensers. The lignite coal wa 
mined underground 

TP&L recently completed for the Aluminum Co 
of America a 240,000 kw power plant and a res- 
ervoir for cooling adjacent to Alcoa Rockdale, 
Texas smelting plant. The power plant uses lignite 
fuel from a nearby deposit. The mine, the power 
plant and the aluminum manufacturing plant add up 
to a wonderful asset for the state of Texas. Now 
what about the vastly greater possibilities for cheap 


Table I!. Comparison of Estimated Costs to Make Aluminum of Hydroelectric Power in British Columbia with 
Coal Fired Steam Electric Power in Southern IIlinois 


First Stage 


Installed Kw OOM 
OPERATING COST per useful Kw 
apt. & reg 2 
M 
dD & WN 00 
T Ra&a™M 
I 2 
« 
42 
MONEY COST 
I { 3 65 
A verag terest t 20 vr 4pet 2.70 
Tot 491 
TOTAL, All Plant Cost 5 33 


British Celambia 


Hydroelectric Plant Coal Fired 
Power Pivnt 
Second Stage Third Stage Seuthern Iilineis 
2 464 (0K 
2 
01 i2 
0.0 
0 OF On Ir 
4 
226.3 2 we 
i122 4 pet on Spet 0.67 
2.23 193 
2.57 227 1.098 


JULY 1955, JOURNAL OF METALS—797 


te 54, 
/ 
gnite coal ned underground oo 
pe abor 0.30 
M ise pe ling expense 0.04 
Boule sintenance 0.11 
Other maintenance 0.08 
Tota 1.48 
7 
ag 
4 
4 
re 
4 


VF ME ALO, 


cient coal fired steam power plants of comparable 
size. In the above examples power is only 3.09 mills 
per kw hr on the coal fired plant in Illinois com- 
pared with 5.33 mills in Canada in a plant of com- 
parable size. Although the huge 732,000 kw plant 
Canada may later produce power for 2.57 mills, 
the freight on raw material to British Columbia and 
finished product back to the U. S. markets and im- 
port duties will far over-balance the slightly lower 
A power cost in Canada. In fact, if aluminum is pro- 
duced in British Columbia the freight to U. S. mar- 
ket centers plus import duty will about equal the 
total cost of power 
A great deal of publicity has been given the possi- 
- bilities of producing cheap power from atomic en- 
ergy. From the best information now at hand, it 
Fig. 1—Eificioncy trend of coat etiliention since the yeor eems that nuclear power would cost about twice # 
1900 and projected to 1956 is shown. Graph is adapted conventional power in areas where the price of coal 
from data supplied by the General Electric Co r oil neither excessively high nor low. The cost 
of atomic power can conceivably be modified some- 
m denendent industries that could be lo- what by the ale of material products and by-prod- 
uct In 15 or 20 years atomic power may become 
W Tame compe titive but today coal power is cheaper 
‘ > The coal fired steam plant with electrostatic pre- 
cipitators to clean ash particles from the stack gases 
deer. one of the cleanest as well as most efficient plants 
which industry has ever designed. It is to the credit 
nas & Mar set 0! yf the power industry that it has developed a plant 
Hows tes 
these st ' © tne idvantage of nearne Table IV. Present ond Projected Power Requirements and Tonnage 
It ed that any site in the eastern Expansion for Selected Industries” 
‘ h to the U.S 
.< Of eached by Power for Estimated Industry Estimated Firm 
Reduction Expansion, 1954 Expansion, 1954 
he thon Industry Kw-hr per Ten te 1975, Tens te 1975. Kw 
I the t rt 40 00K 700 O00 2.280.000** 
+} ected 2,000 kw and 52 50.000 1,000,000** 
12 ‘ 18. Ox 2.000.000 
pia I iu 
hat ‘ vest La ida Alaska E excepting 500,000 tons scheduled Kiti 
rhe en given the advantage — 
hat can operate in the heart of a great city with 
U the huge investment cost make minimum nuisance to its inhabitants 
aperes emi- heay electric power is being made with diesel 
engines to produce aluminum on the Gulf Coast 
Table III shows the cost of power that can be pro- 
Table 111. Utilization of Nordberg Gos Burning Radia! Engines for duced with natural gas costing 10¢ per million Btu's 
Gestetytis Reduction of Alumina Present prices for gas on the Gulf Coast are in the 
15 to 20¢ range of cost. The field of the natural gas 
engine for making new cheap power still looks im- 
Costs $5,900 bw pt 268 bw 137,760 Bw portant but coal is competitive and provides power 
nearer the market centers of the U.S.A 
Operating Costs, Mille per Kw br Compar ing power gene ration cost by new hydro 
Won 13.03 development, natural gas diesel engines, and coal, 
? 2914 Tables II and III, reveal coal is the cheapest power! 
' - ~ re In the 25 years from 1925 to 1950 power consump- 
Total Operating Costs, Mills per Kw hr tion in the major electroprocess industries increased 
+> y on 815 pet. From 1950 to 1975 an expansion of 452 pct 
20e gs ‘52 a4 i< from 37.5 billion kw hr to 207 billion kw hr is con- 
fidently predicted 
“7 ted ‘ ts the It can be deduced from present and projected 
. ct " ta { $168 electric energy consumption that the power con- 
+ - - sumption in major electroprocesses will require new 
Ke wing able han power plants to provide 20 million additional firm 
kw by 1975. If all of this power were provided by 
ye ! om ; Sey coal it would take 66 million tons at 0.75 lb per kw 
. hr. This is a significant amount since the Paley Re- 
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port shows that in 1950, 115 million tons of coal 
were used to produce electricity in the U. S. A 

The Paley Report also shows power requirements 
for selected process industries. Table IV shows 
power requirements estimated for selected process 
industries per ton of product and for U. S. industry 
in 1975. By the year 1975 millions of firm kw will be 
needed to make the additional needs of the U. S. for 
aluminum and titanium. It also appears that electric 
furnace steel expansion may be more economic than 
open hearth steel expansion if low cost, 3.5 mills per 
kw hr, power is made available 


Suggested Governmental Action 

Slight tax advantages are given to new industries 
in some states. In areas where a great surplus of 
labor exists rapid amortization of new facilities is 
allowed up to 100 pct of the value under the Federal 
tax laws. On projects of the same kind in othe: 
areas only 85 pct is allowed. Under the new tax 
laws such advantage of establishing in distressed 
labor areas is slight. Considering the payroll and tax 
income which the states would gain from establish- 
ing new industries, it would doubtless pay them to 
allow some further tax incentive to new industry 
while such industries are amortizing their plants 

In this atomic and H bomb age the Federal gov- 
ernment is showing increased interest in dispersing 
production facilities, particularly those which are 
associated with essential civilian or defense pur- 
poses. In general, such dispersal tends to move fa- 
cilities into areas of labor unemployment. In addi- 
tion to the tax advantages offered by rapid amor- 
tization it might very well be appropriate for the 
government to consider additional incentives for 
such dispersion. For example, might it not be feas- 
ible for the government to encourage dispersion by 
offering government guarantees on all or part of 


private loans in a manner similar to their reinsur- 
ance of FHA loans which have done a good bit to 
expand home construction? 

Considering all these factors it is apparent that 
power plants integrated with coal mines are the key 
to low cost industrial power particularly if located 
near consuming area Utilization of the huge coal 
potential now will have great social as well as eco- 
nomic advantages to the people of the U. S. 
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Mineral Engineering Student Enrollment 
Passes 10,000 by William B. Plank 


in four 


First Degrees, All Engineers, U. S. and Canada 


] engineering 


Engineering Student Enroliment Comparison 
Undergraduates and Graduates 


1949 1950 


Graduote Engineering Enroliment, 1954-55, 
U. S. and Canada 


Degrees 


Masters Decters MS 


6 PLANK is Emeritus Professor of Mining, Lafayette College 
and Consulting Mining Engineer, Morgontown, Po 


Undergraduote and Graduate Engineering Enrollment, U. S. and Canada, 1954-55, 228 Schools 
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Fluidity spiral ‘2 in. square shows 27 in. flow with good 
surface quality 


pang teens castings weighing. as much as 110 
lb have been made by consumable electrode arc 
melting and casting in vacuum. The melt is con- 
tained in a water cooled copper crucible. Bottom 
and side pour crucibles were used successfully 

The maintenance of deep pools of molten metal 
with enough superheat to produce good metal flow 
depends on a maximum melting rate which is real- 
ized when the vacuum is maintained just short of 
the point where glow discharge occurs 

Ability to cast significant amounts of titanium 
metal successfully requires at least two conditions 
A—a large volume of molten metal and, B—enough 
superheat to provide fluidity. Consumable electrode 
arc melting meets both of these demands 

The amount of metal available for casting de- 
pends, of course, on the rate at which the melting 
is done. Experience with both zirconium and tita- 
nium has pointed to the fact that melting in a 
vacuum greatly increases the melting rate; the 
maximum being realized at a point just above the 
glow discharge pressure of about 30 mm of mercury 

For large pools the power input frequently 
reaches 9000 amp, which will melt as much as 9 lb 
of titanium per min. Superheat is a function of 
power input and is essential for the production of 
sound castings 


R. A. BEALL and F. W. WOOD are Physicists and A. H. ROBER- 
SON is Metollurgist, Process Metallurgy Branch, Northwest Electro- 
development Experiment Station, U. S. Bureau of Mines, Albany, 
Ore. This poper wos presented at the AIME Annuol Meeting, 
Chicago, Feb. 14 to 17, 1955 


by R. A. Beall, F. W. Wood, and A. H. Roberson 


Large 
Titanium Castings 


Produced 


Successfully 


The use of water cooled copper crucibles to con- 
tain the melt in effect results in the melt being held 
in a thin-walled titanium crucible. The same con 
dition may be realized when the container is made 
from graphite or other materials. However, when 
the charge is superheated in the other containers 
there is a distinct possibility of a crucible-melt 
reaction occurring 

Castings 

Several sizable castings have been produced by 
the bottom pour technique. Fig. 1 shows five 75-mm 
breech liners weighing about 20 lb each, as well as 
several smaller shapes. Fig. 2 shows a titanium 
breech block weighing about 75 lb. The total pour, 
including gates and risers weighed 110 lb. The 
14x14x1 in. plate and riser shown in Fig. 3 ts one of 
several similar castings in which about 65 Ib of 
metal was poured each time 

Fluidity spirals 4% in. square cast with the pour- 
over-lip equipment indicated that up to 27 in. tlow 
might be expected with good surface quality 

The surface appearance of the castings was good 
and only a few folds or imperfections were ob- 
served. Ultrasonic and radiographic inspection re- 
vealed the presence of a few gas pockets or voids 
It should be emphasized that only a minor amount 
of attention was given to mold design or the pla 
ing of gates and risers. If special attention had 
been diverted to this feature, it is believed that 
most of these defects could have been obviated 


Research on Castings 
Considerable research has been done or 
ing problem, some of which has been successful 


the cast- 
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Various shapes including five 75-mm breech liners 
weighing about 20 Ib coch were cast by the bottom pour 


technique 


Fig. 2—Titonium breech block weighing 75 Ib wos cast 
Tote! pour, including gates and risers, weighed 110 Ib 
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Fig. 3—Similer castings as the above 14x14x! in. plote 
ond riser were cost. In each about 65 Ib of metal was 
poured 


for belief that titanium castings 


be produced on an industrial scale. The work 
Rem-Cru Titanium Corp. confirmed this work 


lurgical basis 


Contrary to general opinion of two vears 


ago, it 


s now generally accepted that titanium metal must 
be essentially carbon free. This change of view 


rendered some of the t 


early casting equipment ¢ 
lete Furthermore it has limited the capaci 
equipment, since dependence was placed 


ise of graphite crucibles and/o 


Fig. 4—Two electrodes, one mode from scrap plate and 
the other from reclaimed casting scrap, ore shown 
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electrodes. Although low carbon melts can be pre- 
pared in graphite crucibles, very close control of 
applied heat must be maintained. If experience in 
other casting fields applies, superheated metal must 
be obtained to yield good quality castings. This 
makes even more difficult the problem of producing 


carbon free metal. During the past few years wide 


experience has been gained at the U. S. Bureau of 
Mines Albany Station on consumable electrode arc 
melting of zirconium. Recently an extension of this 
work’ has shown that exceptionally deep pools of 
superheated metal could be produced, and it seemed 
that the pouring of substantial quantities of metal 
could be feasible. The marked similarity of tita- 
nium and zirconium pointed to the possibility that 
titanium also might be poured in significant quan- 
tities. Preliminary work confirmed the possibility 
for which patents have been applied 


Materials 


Two types of melting stock were supplied—tita- 
nium sponge and scrap plate stock containing 8 
pet Mn 

The sponge was briquetted to 2-in. square com- 
pacts, 20 in. long and consumably arc melted into 
6-in. diam ingots. This produced an electrode that 


would supply enough metal for large scale remelt- 
ing and pouring. Scrap plate stock was arc welded 
mn an inert atmosphere to provide another sizable 
electrode. Fig. 4 shows two electrodes, one mad 
from scrap plate and the other from reclaimed cast- 


ing scrap 


Fig. 5—Bottom pour furnace ports are described in detail 
in the text 


e 


ntained a bottom pour crucible, the other 


Fig. 6—Tilting crucible casting furnace consists of the 
following: |. graphite mold, 2. tilting crucible, 3. O ring 
seal, 4. power connection, 5. tilting mechanism, 6. inspec 
tion port, and 7. consumable electrode 


Equipment 


furnace were investigated re 


ta 
pour-over-lip type 
The bottom pour furnace, shown in Fig. 5, con 
ted of the following A water cooled electrode 
holder (1) ispended from a hoist and extend 


an 


mold box are evacuated through the ports (5) and 


Anode Bure off 


Cathode / 


consumable electrode The cathode powel! lead 


(2) connected to the electrode holder Melting 


thre h the ght gia { 


i the window (4) The furnace chamber and the 


i 


Preseere 


° 
° 


600 $00 400 300 200 
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Fig. 7—Effect of pressure on melting rote shows thot melt 
ing rote is enhanced by low pressure furnoce atmosphere 
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Fig 8—Sectional in 
got shows molten poo! 
boundaries. This 10 
melt bed a 
J pool depth of about 
Sim 


» furnace atmosphere, the melt- 

and the furnace efficiency in- 

where casting becomes feasible 

d Wood" re 
yielding molte 


‘port melting efficiencies 
n pool in. deep in an 
using the low pressure tech- 

indicated that it was possible 

eve a 15-in. deep pool in a 10-in. diam cruci- 
molten metal amounting to about 63 pct 


were measured by melting undet 
jitions and dropping a piece of metal, 
manganese or copper, into the melt just as 
was extinguished. The resulting ingots were 
ned and etched to reveal the pattern shown in 

8. This 10-in. diam melt had a pool depth 
15 in. It is estimated that 63 pct of the charge 

120 lb of titanium, was molten at one time 
Melting rates of as much as 9 |b per min were 
when 9000 amp at 30 v was used. This 
gh power input provided enough superheat to in- 
ire good fluidity in the pour 
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Bottery of crucibles in tilting furnaces is shown in a nonferrous shop 


Carbon Bonded Silicon Carbide Crucibles 
Offer Outstanding Advantages 


by G. J. Easter 


W HEN the patents covering carbon bonded SiC ance to thermal shock. Thi ty is even more 
refractories expired practically all of the conspicuous here than in c: 1 electrode 
American producers of clay graphite ‘ruci : haps because the presence of graph 
added this new refractory to their line. It soon be- crucible wall seems to resu! 
came obvious that these crucibles were longer lived flexibility which also play n 
y former type cracking by heat shock. This resistance 
first place, the carbon bonded body has a shock was accidentally demonstrated in the cz 
phenomenally low coefficient of thermal expansion furnace door brick of this material which was 
of 2.7x10* per “C which gives it outstanding resist- dropped in water from 2500°F, then dried out, and 
put back in service without harm 

G J. EASTER is Director of Research, Electro Refractories & Crucibles made of carbon bonded SiC refractories 
Abrasives Corp. Buffalo, N. Y. This paper was presented at the can be put directly into a hot furnace without pre- 
AIME Annual Meeting, Chicago, Feb. 14 to 17, 1955 
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annealing or preheating. A charge of « metal can 
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Table |. Chemical Anlaysis of Carbon Bonded SiC Refractories, Pct 


Material 


bodies, and except against basic slags or molten iron, 
the crucible is almost entirely inert 7 


The rigidity of these crucibles even at tempera- 
tures of 2700°F is such that damage from distortion 


by the tongs used to handle them in and out of the 

furnace is practically unknown 4 
Carbon bonded crucibles are used for all the non- 

ferrous metals but particularly for the copper alloys 

and for aluminum. The latter has become tied in 

with crucible size ratings. Up to roughly No. 600, 

the number assigned to the crucible size is roughly 

its capacity in pounds of molten aluminum. For 

other metals an appropriate multiplying factor must 

be used, for example about three for red brass. In 

the larger sizes, numbers are arbitrarily assigned but 


high numbers mean big pots 

The first use of really large pots (1000 lb alumi- 
num capacity) came during World War II when 
foundry capacities were being pushed to their ut- 


> 
imited to sizes that could be handled with tongs or shanks ess Use eee Saye y and crucibles with a capa- 
city of from 1000 to 1500 lb of aluminum are now 
‘ full heat widely used for both aluminum and the copper 
y P the 1] cor group of metals. One plant uses three such crucibles 
a elt 1 scl imultaneously to pour bronze castings weighing 
he bility of the 3000 Ib each 

to Advantages of Crucibles 
‘ Reliable recent figures on the cost of melting metal 
lhe ‘ f the mate : lso par- in crucibles vs the cost in electric furnaces are not 
f ‘ ‘ There i available, but it seems to be generally conceded that 
notl ‘ ‘ educe crucibles offer outstanding advantages under the 


jllowing conditions 


Fig 2—Cerbon bond 


ed crucibles ore heat 


ed m a pit or pet 


turnece usuolly with 


of gas 
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; oS si 41 to 53 45 
27 to 4 30 
SiO 10 to 14 12 
~ 
to da ge the wall as it tends to do with siliceou fo) 
“wile 


Fig. 3—When metal 
is ready to pour the 
crucible 1s transferred 
to a shank and trons 
ported by overhead 
monorail to the point 
of pouring 


A—Where relatively short runs are made before 
metal composition is changed. Usually the former: 
metal is simply cleaned out and the same crucible 
used for the new type. Where ultra purity is re- 
quired, a new crucible can be substituted without 
very high cost 

B—Where metal requirements are up and down 
in the course of business, particularly where only 
single shift operation is warranted. The overhead on 
electric induction furnaces and usually the electric 
demand charge go on regardless of business volume 
and put a serious penalty on intermittent operation 
With crucibles there is no demand charge and over- 


head is a small fraction of that for electric equipment 

C—Where there is an urgent unforeseen imme- 
diate demand for more metal. Crucible furnaces are 
readily available from several suppliers or can be 
built much faster than either stationary reverbera- 
Thus 
they are obtainable in minimum time at moderate 
cost so that production can be increased quickly 
Moreover, with them the need for specially skilled 
labor is kept at a minimum 

D—lIn shops where the large capital investment 
required by electric furnaces is simply not available 
It is estimated that an electric furnace to deliver 


tory furnaces or electric induction furnaces 


Fig. 4—Very lorge 
castings ore some 
times mode by 
semultonecously using 
two crucibles on op 
posite sides 
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Fig. 5A crucible in a tilting furnace is shown. Thorough 
cleaning ond mechanical common sense extend the life of 


crucible 

j { from $13,000 to 

equal capacity crucible set ut 

we neat nitiall 
t her fte ‘ pet 2 
ir tl iifference quickly 

t ( t e not alwa 
he ive | ed to be a good 

we ‘ f irge and smalii 
Manufacture of Crucibles 

ef ‘ ft t e are made by dry mixing 
ents, then mixing in premelted 
" the mixture t we for 
ind Il e che ical and 


Fig. 6—A crucible with lip cemented im ploce for use in 
@ tilting furnoce shows small bose, a feature thot was 
potented in 1951 
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physical properties of SiC refractories. While it is 
still warm enough to be plastic under pressure, it is 
formed to shape. Crucibles are formed in a barrel- 
like mold which rotates about its axis much like a 
potter’s wheel while the mix is pressed agair 
side. In some instances, a separate lining is f 
within the crucible at this stage using more 
materials such as magnesia or alumina (still 
carbon bond) to replace the acidic SiC. Such bask 
linings are used for melts high in nickel, chrome 
or iron 

Until recently the size and shape of such crucibles 
were limited to those which could be formed in thi 
way by rotary motion or which could be pressed 


Improved techniques now permit molding irregular 
shapes, such as oval crucibles. Refractory blocks 
runner troughs for copper and the like can be 
formed by any of the methods used in making plas- 
tic clay refractories although care has to be taken 
to secure complete internal cohesion. Overlapping 
folds tend to remain separate unless forcibly united 


Table Ii. Physical Properties of Carbon Bonded SiC Refractories 
Type Data 
PCE + 
27 
< heat to 2000°F 2 
2 7x er °F 
per 
The Btu F 
462° F ‘ 
er2 d 00°F 
Ele 2 
2200°F 
T in 2 
ermeat t ? ‘ through 9x4 
€ 
Re t Attacked by t slags. ! 


The molded pieces are baked under reducing con- 
ditions slowly enough to permit the volatile mate- 
rials in the bond to be driven off without damage to 
the structure of the refractory. Heating is continued 
for at least 200°F above the temperature at which 
the last vapors come off. This yields a completely 
carbonized binder in a body containing 27 t 
open pores 

The carbonized body is cooled and glaze applied, 
after which it is refired to a temperature which will 
mature the glaze. After that it is finally cooled 
down, inspected and shipped 


Crucible Use 

Originally crucibles of the carbon bonded type 
were limited to sizes which could be pulled from the 
hot furnace and manually handled with tongs or 
shanks while the metal was being cast as shown in 
Fig. 1 

In this sort of application, the crucible is heated 
in a so-called pit or pot furnace, illustrated in Fig. 2, 
isually with oil or gas flame which swirls around it 
and finally comes out through a hole in the center of 
The metal may be covered at this 


o 3U pet 


the furnace cover 


stage with molten window glass: or other flux to 
assist in keeping down the oxidation losses. Most 


~ 
| - 
J 


fluxes are so basic in nature as to attack the crucible 
so that crucible life 1s shortened and most users 
prefer not to use flux. When the melt is ready to 
pour, the crucible is lifted out of the furnace with 
tongs. It is transferred to a shank, shown in Fig. 3, 
so as to permit easy transportation on an overhead 
monorail to the point of pouring where two men 
with the crucible between them can readily tip it 
Any cover of flux or oxidized metal is first skimmed 
off using a skimmer made of the same material as 
the crucible, and castings are then poured Very 
large castings are sometimes made by pouring 5!- 
multaneously from two crucibles on opposite sides 
This is illustrated in Fig. 4 

When it is desired to impregnate the molten metal 
with a highly oxidizable ingredient just before pour- 
ing, a charge of that ingredient 1s stuffed into an 
inverted cup of the SiC refractory This is attached 
to a steel or graphite rod and the desired ingredient 
held below the surface of the metal in the crucible 
until it dissolves. Such a cup 1s called a phosphorizer 
but is used to add many things beside phosphorus, 
for instance, calcium boride which is an excellent 
deoxidizer for copper intended for electrical uses 

Before the empty crucible ts returned to the fur- 
nace for another charge, it should be completely 
emptied and any adherent slag or dross removed 
A very small expenditure of time on such cleaning 
pays large dividends in increased crucible life. It is 
particularly important, in fact essential, that the 
crucible be cleaned out thoroughly before being set 
aside for the day and allowed to cool down. Other- 
wise the thermal expansion of the adherent oxides 
and metal in the pot (which is several times that of 
the material of the crucible) is very likely to split the 
pot or break off pieces of it long before its potential 
life has been realized. A heel of metal which has 
been allowed to freeze in the pot is particularly 
likely to split the pot on reheating. The necessity 
for regular and complete cleaning out of the adher- 


Fig. 8—Crucible for 
special uses shows 
passage leading down 
the wall to the bot- 
tom of the melting 
chamber. Molten ma 
terial con thus be 
poured with minimum 
exposure to oi 


Fig. 7—Special crucibles called bowls are provided die 
casters to hold molten metal for long periods at low tem 
peratures 


ing nonmetal deposits 1s of course most urgent in 
aluminum work where the metal oxidizes to a ver) 
hard and refractory oxide which can never be re- 
moved except by scraping 

Another malpractice which ruins more crucibles 
prematurely than any other is the careless charging 
of ingots to be melted It would seem obvious that 
they should not be dropped or thrown carelessly in 
such a way as to strike the crucible a hammer blow 
or tilted in such a position that they become wedged 
crosswise in the pot where the high thermal ex- 
pansion may shove a hole right through the crucible 
wall. Many instances are reported each yea! where 
unduly short life of a crucible is due to exactly 
these causes 

The necessity for thorough cleaning and mechani- 
cal common sense In handling extends also to cru- 
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ire not considered necessary with small bottom pots 
Some foundries make a practice of throwing a little 
charcoal or graphite on top of the pedestal each time 
before placing a crucible on it to minimize sticking 
In tilting furnaces similar sprinkling is done or a 
heavy cardboard circle may be placed under the pot 
when first installed 

Direct flame impingement against the side of a 
crucible is apt to build up a heavy, tightly adherent 
ieposit of carbon at the point of impact. This insu- 
ates the part of the crucible to which it adheres, so 
that when surrounding areas are highly heated se- d 


is thermal strains may be set up and the pot 
be broker At best the carbon interferes wit! 


the efficient use of the fuel and should be carefully 
ivoided. In all crucible furnaces, there should be 
adequate combustion space all around the crucible 


und the furnace wall should be kept smooth and 
even to avoid local gas swirls and hot spots 


Fig. 9—Special crucible mode for aluminum imdustry per Oxidation 


mits smooth, rapid pouring with great accuracy Carbon bonded crucibles, when properly used. are 
ery re tant to oxidation. They do have a dange! 
, One ntainu rucible ne, however, in the temperature range of 1000°F 
r to about 1400°F where the tendency of unprotected 
witl emented in piace for use lt carbon to oxidize is material and where the glazes 
! j ised are not fluid enough to soften and give 
z é e, a feature tented protection. Most crucible makers supply special 
’ I ‘ ‘ ace I mit tion oO ‘ es on pots intended for use in this range if they 
‘ ‘ ihe base i the crucibit ire apprised of the condition to be met 
ca e flame For this same reason it is best to sock the heat to 
inne wie tne than the metal to be melted rapidly rather than to haby 
edestal biock under- the crucible in an attempt to prolong its life. Les 
Experience hown that harm is done by the sudden temperature change 
ned and combpus- than by extended holding in the xidation zone 
nue Holding molten metal for a considerable time is bad 
: elf in t i met eited for both the metal and the pot if the atmosphere is 
at nd met meiting te per nou! highly oxidizing when fuel is shut down, the ai: 
ild be cut back proportionately Flame size 
Crucible Life ind nature should be so controlled as to maintain 
c , ' nd i the furnace atmosphere barely on the oxidizing side 
nd enera ' be ice Special crucible hown in Fig. 7 called bowls are 
Melt t ‘ etal inv ed led die cast and others who desire to hold 
f ; ‘ five ised tion of burne ete molten metal for long periods at low temperature 
‘ Crucibk fe in tilting When properly glazed the life of such a bow! should 
n pu t nd is long exceed that of the crucible in which the metal is 
" 4 I It becomes { - melted down. Resistance type electric furnaces are 
‘ ‘ ncrea I f " ometimes used to heat bowls of this type. Oxidizing 
‘ ] ‘ r fa num litions in these furnaces are especially evere 
wces with ga eat te leal con- ind careful glazing with a suitable glaze becomes 
, bles hold very important 
that ted I W heat Refractory crucibles of the type discussed here 
‘ mon t pace the cru- have not in general been used in large high fre- 
we Va tw eftractory | low yuency electri furnaces for meiting nonferrous 
f the wa mst which tne metals In such cases rammed cement linings fired 
e re whe ted. It should eve not jirectly in place are preferred. There are however: 
j vedged t t { n behind. Care si i also be numerous users of carbon bonded crucibles in small 
é ‘ not amped tightly against high frequency furnaces (up to crucible size 70) 
hich might ick. Where extreme j Furnaces using them have to be specially insulated 
the meit equ 1, a sep- to prevent high heat losses to the coil through the 
the i may be rested high thermal conductivity crucible as well as to keep 
ct the pot. If hould be tn ime material the crucible from shorting the electric coils 
tine Die Special crucibles sometimes encountered are 
e A not pre i nt be Laker I ising crucibies hown in Fig 8 and 9 The one in Fig. 8 has a 
‘ ‘ the edest cr xT h the crucible passage leading down the wall to the bottom of the 
ted. Ti : i be made of the ime ma- melting chamber so that molten material may be 
terial as the cruc ‘ edestals with higher ther- poured with minimum exposure to the air while slag 
mal expar ' apt to pull the crucible apart up- inclusions are kept floating well out of the working 
on heat ‘ The pedest ild be flat and f iffi- area Fig. 9 shows a spec al crucible made for the 
cient are ' ete pport the base of the pot aluminum industry which permits smooth, rapid 
( grooves are sometimes provided though these pouring with unusual accuracy 
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Effect of Certain Primary Mill 


Heating and Rolling Practices 


On Slab Surface Quality 


by H. B. Wishart 


HE number and severity of surface imperfections 
on rolled slabs, assuming the reception of uni- 
formly good quality heats from the open hearths, 
depend upon a number of conditions associated with 
heating and rolling of steel in the primary mills 
While there are other elements that have an effect 
on surface quality, rather than make this paper too 
lengthy the discussion of mill processing variables 
will be limited to three factors in order to illustrate 
their effect on slab surface quality: 1—amount of 
reduction between ingot and slab, 2—slab finishing 
temperatures, and 3—influence of roll changes. 
Measurement of the percentage of surface re- 
moved by scarfing on the flat surfaces of the slabs 
was used for evaluating quality in this study. A 
study of this nature must be made on slabs that are 
inspected and conditioned under uniform conditions 
and standards. In order to be certain that steel of 
the best possible steelmaking quality was received 
at the rolling mills, a low carbon deep drawing 
grade of rimmed steel, made for sheet mill applica- 
tion and manufactured under carefully controlled 
open hearth practices, was selected. Use of this par- 
ticular steel thereby reduced the steel quality factor 
as a possible source of variation 
The measure of slab surface quality is the amount 
of surface removed by scarfing during yard condi- 
tioning and is expressed as percentage of surface 
removal. This percentage was estimated by experi- 
enced personnel to uniform standards and it should 
be noted that these percentage figures are represent- 
ative only for the grade selected and under the rigid 
inspection standards to which the slabs were sub- 
jected. Surface removal is a matter of concern be- 
cause the imperfections, if undetected, often are the 


H. B. WISHART, Member AIME, and C. A. HOPE are associated 
with Metallurgical and Inspection Div., Gary Stee! Works, United 
States Stee! Corp., Gary 

Discussion of this paper, TP 4050C, may be sent, 2 copies, to 
AIME by Sept. 1, 1955. Manuscript, Feb. 3, 1955. Chicago Meeting, 
February 1955 


Fig. 1—View of 
the bottom por 
tion of a slob 
shows defective 
orea 
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cause of poor surface quality in the finished product 
and their removal, by conditioning, add to the total 
plant costs 

The data was collected at various times over a 
period of six months and, with normal weekly fluc- 
tuation in the level of quality, it is to be expected 
that for any period of sampling there will be some 
variation in the plotted results. 

The type of defect that is responsible for most 
slab conditioning at Gary Steel Works is a light 
angular surface break. This defect is usually inter- 
connected to form large defective areas and occurs 
mainly on the bottom half of the slab on both sides 
This type of defect is illustrated in Fig. 1, showing a 
bottom portion of a slab; while a close-up of an area 
of the same slab where the surface breaks were 
found is given in Fig. 2. The large dark areas are 
heat patterns, results of hot stacking and cooling 

Independent of these light breaks, but sometimes 
associated with them, are larger and deeper isolated 
breaks. However, most of the surface removal occurs 
from conditioning the large areas of small breaks 

There are also occasional scabs of varying degrees 
of severity but these are relatively infrequent. The 
slabs are generally free of rolled-in scale 


Ingot to Siab Reduction vs Quality 

Some ten years ago at Gary Steel Works, the min- 
imum slab ingot thickness was 30 in. Subsequent 
operating and other quality features indicated the 
desirability of using an ingot of reduced thickness 
with the result that a series of molds that would 
produce a 22 in. thick ingot with various widths was 
adopted as standard. A minimum number of the 
thicker mold sets are still used. From the standpoint 
of quality difficulties from pipe and segregation, the 
smaller ingots are an improvement. From a quality 
surface viewpoint, the slab product from the thin 
molds requires approximately twice the surface re- 
moval as the slab product from the thick molds. This 
is shown in Fig. 3 where the percentage of surface 
removal is plotted against slab product rolled from 


Fig. 2—Close-up 
of the some siab 
o in Fig | 
shows surface 
breaks in the de 
fective oreo 
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various size ingots ranging from 22 to 35 in. thick 
In order to obtain a representative number of sam- 


ples from slabs rolled from different size ingots for 
the data mtained in Fig. 3, various grades of 
mmed steel were used for this illustration 
That ke reduction has a detrimental effect on 
irface quality can be further seen from Fig. 4 
where rface removal is shown to increase as slab 
thickne increases (or slab reduction diminishes) 


surface quality in relation 


in Fig. 4 were all rolled 


The figure also illustrates 
to if width The slab 
from 22 in. thick 

The amount of side reduction in rolling to finished 
association with defects on the flat 
caused by 


ingots 
width has litth 
However, slab 
wsive edge breaks, are influenced considerably by 
the arnount of side reduction. The less the side re- 
juction from ingot to slab, the higher will be the 


lat irfaces rejections 


ms 
The authors do not wish to convey the impression 
that good irface quality cannot be obtained from 
heet, strip, or plates rolled from slabs produced in 
the 22 in. series ingot because it can. Rather, the 
lata licate that the amount of slab conditioning 
ect « to | ie a good rollable slab is a direct 
functior f amount of reduction from ingot to slab 
Slab Finishing Temperatures vs Quality 
With the installation of automatic recording pyro- 
the exit side of the mills, it was found 
hed at a high temperature had pro- 
tionats bett irface quality than slabs finished 
ta w temperature. Tt s illustrated in Fig. 5 
260 abs that had a finishing temperature rang- 
900° and 2150°F 
| ‘ r pit nt | settings are an aid in 
‘ hur emperatures but, nee the 
e pit temperature limited, suct 
et ‘ ‘ ca ot be considered the 
f ne highe fir hing tempera- 
‘ the perating factor that have an effect 
pera are | per s heduling of heats 
he pits, general operating efficiency of the 


Fig. 3—Percentoge of 
slob surfoce removol 
vs ingot size given 
for voriows grades of 
rimmed steel 


= 

Fig. 4—Slob sur 
ey = TT) fece removel vs 
11 | slob thickness and 
i i width is given for 
' 0.05 to 0.08 pct C 
drawing quality 
rimmed steel All 
r= slabs were rolled 
| from 22 im thick 

mgots 
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Fig. 5—Slab surface 
removal vs slab finish 
img «temperotures is 
given for 0.05 to 008 8 
pct C drawing quality 
rimmed steel. All slabs = 
in. thick ingots 

° 


Fig. 6—Siab surface | 
removal vs roll changes § it | 
is given for 0.05 to F sl 
008 pet C drawing 3 
quality rimmed steel. 2 
All heats were poured 


in 22 in. molds wid 


J 


7s es eee 


pit crews, bunching of ingots on the entry side of 
the mill, slow delivery from pits to the mill, im- 
proper spacing of the ingots in the pits, and main- 
taining waste-gas ports and recuperator tubes at 
maximum operating efficiency 

Rolling slabs to the high side of the finishing tem- 
peratures will require maintenance of the pits at a 
higher level of operating effectiveness but the results 
should be reflected in lower operating costs and im- 
proved quality 


Influence of Roll Changes vs Quality 

The length of time that a set of rolls remains in 
use is another factor that influences slab quality 
The advantages of maintaining good roll surface by 
changing the sets at more frequent intervals is illus- 
trated by data secured from 438 heats finished on 
the 36 in. mill 

The surface removal of each heat was plotted 
against the number of days that the set of rolls had 
been ir shown in Fig. 6. From the data plotted 
in this figure, there is an indication that, as a set of 
rolls wears between periodic dressings, the surface 
quality of the slabs is adversely affected if the rolls 
are used for an extended period of time 


Use, asd 


Summary 

The data presented show that surface quality of 
slabs is affected by the amount of ingot to slab re- 
duction, slab finishing temperature at the last pass 
on the mill, and by the frequency of roll changes. 
As previously mentioned, there are other factors in 
the course of making and rolling a heat of steel that 
can have a detrimental influence on slab surface 
quality. The three selected for presentation in this 
paper are only a part and, in the last analysis, the 
optimum steel surface can only result when prope! 
control is exercised over all the factors known to 
affect the quality of the grade under consideration 


Discussion of this paper, if any, will appear in 
JOURNAL OF MeTaLs, November 1956, and in AIME 
Metals Branch Transactions, Vol. 206, 1956 
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Aerial view of the Flin Fion 
electrolytic zinc plont of the 
Hudson Bay Mining and Smelt- 
ing Co. Ltd. shows most of 
the metallurgical process units. 
From left to right are shown the 
fuming plant and baghouse, 
copper smelter, and sulphide 
and oxide leaching plants 
Stock seen in foreground is thot 
of the copper smelter and the 
one in the right background 
thot of the zinc sulphide 
roasters. 


Processing of Zinc Oxide Fume at Flin Flon, Manitoba 


Roy tilermar 


The hydrometallurgical processing of an impure zinc oxide fume is described. 


Flowsheet includes roasting for fluorine elimination and countercurrent leaching to 
produce a neutral sulphate solution. This solution is combined with zinc sulph 


ide 


leach solution for subsequent purification and electrolysis. Novel to the neutral 
leach step is the use of automatic pH control. 


HE electrolytic zinc plant of the Hudson Bay 

Mining and Smelting Co. Ltd. was erected in 
1929-1930 to process zinc sulphide concentrates pro- 
duced from ore mined at Flin Flon, Manitoba. Since 
1930, production of high purity slab zinc has been 
continuous. In May 1951, construction of a fuming 
plant was completed and operations were started to 
recover zinc from copper smelter reverberatory slag. 
A second zinc-bearing material in the form of an 
impure zinc oxide fume was then made available 
for treatment. Coincident with the construction of 
the fuming plant, additions were made to the elec- 
trolytic zinc plant to recover the zinc in the fume 
as slab metal. 


R. ELLERMAN is Research Engineer in Charge, Zinc Plont Re- 
search and Development, Hudson Bay Mining and Smelting Co. Ltd., 
Flin Flon, Manitobe, Conada 

Discussion of this paper, TP 4034D, may be sent, 2 copies, to 
AIME by Sept. 1, 1955. Manuscript, Nov. 29, 1954. Chicago Meet- 
ing, February 1955 
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The original plant capacity of 70 tons of slab zinc 
per day was steadily increased up to May 1951, at 
which time the daily production averaged 130 tons 
With the advent of the fuming plant and the process- 
ing of zinc oxide fume, production was stepped up 
to the present capacity of 190 tons per day. Of this, 
approximately 48 pct is contributed by the process- 
ing of zinc oxide fume. This additional source of 
raw material has allowed a 20 pct cutback in min- 
ing and milling operations, thereby adding consid- 
erably to the life of the Flin Flon mine. 

Zinc sulphide concentrates are treated by the 
usual hydrometallurgical method. Details of this 
operation and plant were described by Carr and 
Reikie in 1935' and Kent in 1951." 

The impure fume is treated in two operations 
First, it is roasted to eliminate fluorine. Next, it is 
subjected to a countercurrent leach with spent elec- 
trolyte to extract the zinc as a neutral zinc sulphate 
solution. During this leaching step, soluble impur- 
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ities such a8 arsenic, antimony, and germanium are 
precipitated. The degree of purity enables this solu- 
tion to be combined directly with the sulphide leach- 
ing plant solutions. The combined flow is then puri- 
fed and electrolyzed to produce high purity zinc 
Up to the present time, no build-up, or increase, in 
the level of impurities in the finished electrolyte has 
resulted from using the combined flow method of 
treatment. Fluorine control has never been a serious 
problem at Flin Flon 
Roasting Process 

Flowsheet of the zinc oxide roasters is given in 

Fig. 1. The primary purpose of the roasting opera- 


tion to reduce the fluorine content in the fume to 
a level where it does not interfere with the elec- 
troly f the zinc sulphate electrolyte produced by 
eaching this fume. Experience has shown this level 
to be 0.003 pet. During electrolysis, minor quan- 


flu ne in zinc cell electrolyte accelerates 
corrosion of the aluminum cathodes. This corrosion 
generally accompanied by sticking of the zinc de- 
it to the aluminum sheet. In Flin Flon, difficult 
tripping has been experienced with a fluorine con- 
in the cell electrolyte 
Elimination of this impurity from the fume prior to 


entration of 20 mg per lite: 


eaching is essential nee there is no satisfactory 
met f removing it from solution to the level re- 
} a ting of the fume has consistently given 
99 ne elin ation 
The irce or sources of fluorine in the fume are 
iff trace due to assay limitations. Copper 
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Fig. |—Flowsheet of zinc oxide fume roasters illustrotes the 
process for Huonne elimmeton 
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concentrate, with its burden of insolubles, silica flux 
and zinc residue, that go to make up the copper 
smelter charge as well as the coal used for smelting, 
probably all contain minor quantities of this ele- 
ment. Concentration of these stable fluorides will 
occur in the reverberatory slag that becomes the 
fuming furnace charge. Under extreme reducing 
conditions in the fuming furnace bath, fluorine is 
driven off in a gaseous form and concentrates by 
absorption on the zinc oxide particle. Since the 
fluorine can be driven readily from the fume by 
heat, it is assumed that it does not combine to form 
stable compounds with any of the constituents in 
the 

An average of 115 tons per day of impure zinc 
oxide fume is received from the fuming plant bag- 
house. The assay of this material appears in Table I 
Continuous delivery of the fume is made to the top 
of the roaster building by a 24 in. belt conveyer over 
a distance of 1305 ft. From the belt, the fume drops 
through a grizzly into a 27 ton capacity receiving 
tank. This tank is equipped with a double outlet 
“Two Stage” type Redler bin discharger and arch 
breaker operated by a manually controlled variable 
speed dc motor. Variable rates of feed up to 10 tons 
of raw fume per hr can be obtained with this type 
of feeder mechanism. Excess fume from the tank, 
over and above that fed to the roasters, may be by- 
passed by gravity to a 120 ton storage bin. This 
rectangular hopper-bottomed bin is equipped with 
a 9 in. horizontal-type Redler feeder that discharges 
the oxide to a 9 in. loop-boot elevator. Rated capac- 
ity of both feeder and elevator is 10 tons of raw 
fume per hr. The discharge from the elevator is 
returned to the receiving tank by screw conveyer. 
The storage bin was deemed necessary to store fume 
in the event that one or both roasting units were 
unserviceable for short periods of time 

From the receiving tank, a regulated amount of 
fume is discharged to the feed hearths of two Wedge- 
type roasters by short 12 in. screw conveyers. Man- 
ually operated metal slide gates on the outlet of the 
bin discharger are used to split the feed to each 
roasting unit. 


Table |. Average Assay (for 1953) of Zinc Oxide Fume Before and 


After Roasting 
Pet 
Material Za rb Fe Ce As Sb Ge 
22 O89 O16 11 O24 0003 14 0.18 
Ros 
7328 20 il 0.124 10 020 06.002 17 0.002 


The physical nature of the raw fume makes me- 
chanical handling very difficult because of its ten- 
dency to pack into a lightweight integrated mass 
The flow characteristics of the material are poor 
and it arches badly in bins. These difficulties are 
enhanced by long periods of storage. It has become 
a plant operating policy to keep the fume moving 
at all times and to use storage facilities only when 
necessary. Little difficulty has been experienced pro- 
vided there is a continuous movement of the mate- 
rial and continuous operation of the arch breaker 

The two modified Wedge-type roasters are 25 ft 
diam, 31 ft high, and have seven burning hearths 
and a top feed hearth. Total hearth area of each 
unit is 2533 sq ft. The flue offtake is from No. 1 
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PERCENT FLUORINE REMAINING IN ZINC OXIDE FUME 
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Fig. 2—Curves show the elimination of fluorine from zinc 
oxide fume in the laboratory kiln as a function of time ot 
four temperatures 


hearth and discharges directly into the main zinc 
sulphide concentrate roaster flue. The insulated 
center column, to which are attached air-cooled 
rabble arms, revolves at one revolution per 45 sec 
The fourth and seventh hearth each have four rabble 
arms, the others two. Plugging of the charge be- 
tween the rabble blades is evident only on the fourth 
hearth due to high temperatures. The use of four 
rabble arms with rabble blades alternated between 
spacers has minimized this problem. The use of four 
rabble arms on the seventh or bottom hearth ensures 
a more even rate of discharge. Rabble arms and 
roaster column lute rings are of cast alloy iron con- 
taining 1 pct Cr, 1 pct Ni, 2.5 pet Si, 0.6 pet Mn, and 
3.5 pet C. Serviceable life of the arms under con- 
tinuous operation is about three years; lute ring life 
is somewhat longer. Rabble blades give up to five 
years service and are cast from an alloy iron con- 
taining 28 pct Cr and 1.75 pet C 

Heat to the oxide roasters is supplied by a Bab- 
cock and Wilcox pulverized coal system. Coal con- 
sumption averages 147 lb per ton of oxide roasted 
External Dutch oven combustion chambers are used 
to house the burners. Three of these chambers are 
evenly spaced around the outer roaster shell of both 
the fifth and seventh hearths. The system is equipped 
for either automatic or manual control, the latter 
generally being used 

Alberta slack coal is delivered from box cars to 
a 50 ton storage tank by an 11 in. flight conveyer 
This tank has a built-in electronic control and feeder 
that supplies a regulated amount of coal to a Bab- 
cock and Wilcox type-B coal pulverizer. The pow- 
dered coal is air-conveyed through a diminishing 
diameter steel pipe that loops back to the pulverizer 
through a Babcock and Wilcox No. 42 coal-air 
blower. Offtakes from this main header supply a 
coal-air mixture to each of the Dutch oven burners 
Warmed primary make-up air is drawn into the 
pulverizer from the center column of the oxide 
roasters. Available heat can be supplemented in 
cold weather by passing the primary air through a 
steam-operated preheater. Air preheating is neces- 
sary to maintain the operating temperature in the 
pulverizer at 160°F to prevent moisture condensa- 
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tion. Secondary air to the burners is supplied di- 
rectly from fans at 3 oz pressure 

Two types of Dutch ovens are in use at the present 
time. One roaster is equipped with ovens constructed 
to direct the burner flame along a radius of the 
roaster cross-section. This type has a removable 
arched roof for quick cleaning. The second roaster 
is equipped with ovens constructed to direct the 
burner flame at a tangent to the roaster wall. This 
type of firing causes the hot gases to move in 4 ¢cir- 
cular path within the hearth space to give good heat 
distribution. Both types have construction and 
operating points in their favor 

Recently, plant-scale tests were conducted using 
fuel oil firing. The encouraging results obtained 
during this test have prompted conversion of both 
roasting units to this type of firing. Revisions are 
being made at the present time to burn Bunker C 
fuel oil in both oxide roasters 

Each of the two roasters is equipped with auto- 
matic recording temperature indicators. These record 
the temperature of hearths two to seven in sequence 
at 1 min intervals. 

The het roasted zinc oxide is discharged through 
a chute at the outer edge of the seventh roaster 
hearth to a 12 in. water-cooled screw conveye! 
From the conveyer, a loop-boot elevator discharges 
the oxide to a “% in. Hum-mer vibrating screen 
Screen oversize, amounting to 2 pct of the roaster 
charge, drops by gravity to an Allis-Chalmers No. | 
Pulverator Hammer Mill. Screen fines and hammer 
mill discharge drop to a common screw conveyer 
that transports the material to a 12 in. flight type 
Redler conveyer. The latter delivers the entire 
roasted product to the top of the oxide leaching 
plant building, a distance of 230 ft. The first 65 ft 
portion of this flight conveyer has water-cooled 
troughs. Conveyers, elevators, and vibrating screen 
mentioned here have a rated capacity of 10 tons of 
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PERCENT FLUORINE REMAINING IN ZINC OXIDE FUME 


Fig. 3--Curve illustrates fluorine elimination from rinc oude 
fume in the roaster as « function of time and hearth number 
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Curves show thot increasing the rooster temperature 


above 650°C has little effect on the rote at which fluorine is 


minoted from zinc oxide fume 


handle 


results. Fig. 4 shows a comparison of roasting at 
two different average temperatures, each roaster 
treating essentially the same amount of fume. No. 1 
roaster operated at an average temperature of 504°C 
with a high of 644° on the fourth hearth, while 
roaster No. 2 operated at an average of 638°C with 
a high of 709° on the fourth hearth. A study of this 
graph indicates that increasing roasting tempera- 
ture above 650°C does not increase the rate of fluo- 
rine elimination or the amount removed. 

The effect of increasing the tonnage treated in the 
is to increase the depth of fume on the 
hearths without an appreciable change in retention 
time. Results of test work done to determine the 
amount of fume a roaster could handle efficiently 
is shown in Fig. 5. The tonnage of feed to No. 1 
oastet was 90 tons and to No. 2, 45 tons during this 
24 hr test. The curves show that increased roaster 
load or bed depth has the effect of shifting the loca- 
tion of optimum fluorine removal to a lower hearth, 
No. 5 in this instance. Increased temperature in 
No. 1 roaster does not appear to compensate for load 
It can be assumed from the foregoing re- 
sults that the oxide roasters could be operated effi- 
ciently with loads up to 90 tons per day with a 
margin of safety 

Attempts to determine the temperature at which 
agglomeration occurs in the roaster, in the size range 
above 1/16 in. mesh, did not meet with much suc- 
Experience has indicated that temperatures 
above 750°C in the roaster result in a large increase 
in the amount of wet classifier sands in the oxide 
Therefore, high roasting tempera- 
Agglomeration apparently results 
from the fusion of impurities in the fume, such as 


roaster 
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rhe tr ited t i>) mir The average 
" em| ature f hearths was 540°C with 
a high 644° on the f th 1 low of 405° on the 
eventh. The results of these tests. Fig. 3. show that 
mn actual plant operat fi ne removal is essen- 
tially om te afte L f ifter the oxide has 
been discharged from the fourth hearth. During this 
test 57 tons of furmé per lay were treated in the 


roaster. Subsequent 
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remaining in the lumps and fines, after roasting, is 
about the same, making retreatment of the hammer 
mill discharge unnecessary. The —%% in. product 
that passes to the oxide leaching plant has not con- 
stituted a problem. It does not settle out in the leach 
tanks, can be separated from solution by a wet clas- 
sifier, and is readily broken down with a weak sul- 
phuric acid leach. A typical screen analysis of 
roaster products is given in Table I 

Test work has also indicated that, during roasting 
of the fume, apart from the elimination of fluorine, 
certain other benefits are derived. Impurities such 
as arsenic and antimony are rendered less soluble 
during leaching. The reducing power of the raw 
fume, due largely to absorbed SO, gas, is reduced to 
a trace, a reason why manganese dioxide is not re- 
quired during the leaching process. The apparent 
specific gravity of the raw fume is increased from 
30 to 70 Ib per cu ft 

Dust burden of the flue gas leaving the oxide 
roasters has been found to average 1.7 pct of the 
tonnage of fume treated. Much of this drops out in 
the main flue system. Reabsorption of fluorine by 
dust collected from roaster flues and Cottrell pre- 
cipitators is not evident. 


Table Il. Screen Analysis of Oxide Roaster Product 


Sereen Vibrating Vibrating 
Mesh Roaster Dis- Sereen, Over- Sereen, Under- 
In charge, Pet size, Pet size, Pet 
01 44 0.0 
he 02 11.8 0.0 
Ly 1.7 18.5 0.0 
‘ 52 02 
74 10.0 10 
+11 10.0 16 73 
1/1 75.5 9.1 69.5 


The mechanical handling of light dry fume is ac- 
companied by considerable dusting. To eliminate 
this condition as much as possible, all units such as 
the roaster feed hearths, conveyer transfer points, 
bins, etc., are covered and vented to a Draco dust- 
collecting system. This consists of a two compart- 
ment 24 bag unit. The dust is collected and re- 
turned to the roaster feed hearth by conveyer; the 
gas is discharged into the main roaster flue. Floors 
and equipment are kept relatively clean by a vacuum 
sweeper system having outlets at convenient points 
throughout the building 

Successful operation of the oxide fume roasters 
is a matter of maintaining proper roasting tempera- 
tures. Results of past experience have lead to cer- 
tain fundamental rules of operation as applied to 
this plant 

1—To maintain a fluorine level in the finished 
electrolyte below 10 mg per liter and to prevent any 
build-up of this element in solution, roasted oxide 
fume must not contain more than 0.003 pct fluorine, 
and preferably 0.001 to 0.002 pct 

2—To maintain a consistently low fluorine content 
in the roasted product, No. 4 hearth should be main- 
tained at a temperature in the vicinity of 650°C and 
hearth should not be allowed to cool below 


on 
No 


550°C 
3—Temperatures above 750°C should be avoided 
in order to prevent excessive agglomeration of the 
oxide in the roaster 
4—It is preferable to keep unroasted fume mov- 
ing at all times in order to prevent packing and 
arching of the material in bins. 
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Fig. 6—Zinc oxide leaching flowsheet illustrates the two- 
stage countercurrent continuous process for extracting zinc 
from the roasted fume 


Zinc Oxide Leaching 

Flowsheet of the zinc oxide leaching process is 
given in Fig. 6. The zinc oxide leaching process 
utilizes a continuous two-stage countercurrent leach 
for the extraction of zinc from the roasted fume. In 
the first or neutral stage, an excess of oxide is 
leached with return acid from the electrolytic cells 
to produce a neutral slurry. Thickening of this slurry 
gives a clarified zinc sulphate solution and an under- 
flow containing undissolved fume and precipitated 
impurities. The neutral sulphate solution is laun- 
dered to the sulphide leaching circuit for subsequent 
purification and electrolysis. In the second, or acid 
stage, the neutral thickener underflow is leached in 
mechanically agitated tanks with a slight excess of 
cell acid to recover the bulk of the remaining zinc 
The resultant slurry is thickened. Underflow from 
the acid thickeners is filtered and the filtrate, to- 
gether with the acid thickener overflow, is returned 
to the neutral stage. The filter cake or oride residue 
is stockpiled pending further treatment 
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Neutral Leach Process: The roasted fume is de- using cell acid. The leach tanks are 12 ft diam by 
vered from the roaster building to the top of the 12 ft, one being of steel construction having a homo- 
le leaching plant by flight conveyer. Here it is geneous lead lining while the second is of wood 
lischarged into two 25 ton capacity neutral Pachuca stave construction lined with acid-proof brick backed 
feed bin Delivery surges may be diverted to any by rubber. A measured amount of residue from the 
f three cylindrical steel storage tanks each having sulphide leaching plant is pumped as a heavy slurry 
i capacit f 375 tor These tanks also store the to either of the two tanks. Cell acid is added and 
asted fume during periods when the leaching plant the temperature raised by steam injection to 70°C. 
hut down, thus allowing the slag fuming plant Leaching is allowed to continue for approximately 
and oxide roasters to continue to operate. Because 12 hr, at which time the slurry is discharged at a 
f additional handling involved when the oxide is controlled rate to the first neutral Pachuca. Tanks 
tored, the storage faciliti ire used only when are charged and discharged alternately as required 
necessary, and the material is not allowed to remain The pH of the Pachuca pulp appears to be the 
n them for any length of time. Each storage tank controlling factor as to whether the iron precipita- 
equipped with a totally enclosed 7 in. horizontal tion reaction proceeds. Plant practice of discharg- 
Redler nveyer. Th nveyer delivers the mate- ing the final neutral Pachuca at a pH of 5.2 to 5.4 
il to a 7 in. loop-boot elevator which in turn dis- has consistently produced good leaching results 
charges the stored oxide to one or both of the Pachuca Indications are that with a pH of less than 5.0 there 
fee buy All storage handling equipment has a is danger of a large increase of impurities such as 
ate ipacity of 8.75 tons of oxide per hr arsenic, antimony, and germanium appearing in the 
The feed bir are cated directly above Nos. 1 neutral leach solution 
and neutral Pachuca The ire equipped with The neutral leach circuit is operated automatically 
harge d arch breakers operated by vari- by a two-step pH control system. Control points are 
i peed de mot From these bins, the roasted located at the pulp discharge cutlets of Nos. 1 and 2 
xide t b t type 16 stainless stee! launders Pachuca. Each step is independent of the other 
1 into N | Pachuca by a flow of cell In the first step as shown schematically in Fig. 7, 
No. 21 3 combination of acid thick- a temperature-compensated pH electrode assembly 
re inderfi ind residue filtrate ition dips into the pulp discharging from No. 1 neutral 
} tank ) ft diam | ) ft stave, are Pachuca. The pH of the pulp is measured using a 
by launde to form the neutral type “R” Beckman continuous pH indicator. The 
" t. Base na n flow of 1100 water- electrical impulse from the Beckman indicator is 
tor the total retention time of the pulp in amplified, recorded, and converted to an air pres- 
i} sure in a Bailey controller. Air pressure variations, 
ted xide furn ntair ery little soluble corresponding to pH variations, are relayed through a 
t the e to add this element Bailey Standatrol unit to an air-operated Saunders- 
, the forn f fer ilphate i- type valve located in the 6 in. acid line to this 
t used iubie¢ nm per Pachuca. The Bailey selector valve allows the equip- 
te f chu low r? eagent produced by ment to be operated manually if desired but this is 
} lus m the ilphide only done when repairing or maintaining the elec- 
each t. TI ict ed out at elevated trode assembly. The Thy-mo-trol control unit, which 
tem tw nechar igitated tank controls the oxide feed rate, is independent of the 
we’ 
> 
BALEY 
NTR RECORDER 
INTROLLER 
& AMPLFER 
REDLER 
ECKMAN 
— Fig. 7—No. 1 Pachuca pH contro! ossem- 
bly hos been drawn schematically ond 
shows the first step in the automatic con 
trol of the neutral leach circuit. The pH 
control system wos installed in order to 
ASSEMBLY prevent a large increase of impurities, ie, 
arsenic, antimony, and germonium, in the 


neutral leach solution. Such on increase 
seems to be indicated when there is a pH 
of less thon 5.0 


N* | NEUTRAL BAL EY 
PACHUCA wes STANDAT ROL 
ain BAILEY 
a vt SELECTOR 
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4 
Fig. 8—Schematic drowing of No. 2 Pa- SPEED REDUCER BAILEY) 
chuca pH contro! assembly illustrates the (Rezo STANDATROL 
second pH contro! step. This is indepen- 
dent of step |, shown in Fig. 7. Control on j ros 1} ‘ ) — 
No. 2 Pachuca acts as a safety measure, 
This control gives on assurance thot the : 
discharge from No. 2 will be at a proper sy) = 
pH level for subsequent purification a CONTROLLE? 
| & AMPLIFIER 
5 
if ins 
| BECKMAN 
| CONTINUOUS 
pH INDICATOR 
TYPE 
| ‘ 
‘ 

‘ Kad Thickener Overfiow & Olwer Filtrote Solutions | 
pH control assembly. This unit is manually adjusted If the pH of the pulp discharge should deviate +0.5 
to give any desired feed rate units from the set value, an alarm bell will ring and 

Conditions under which No. 1 Pachuca is operated panel lights will indicate whether the deviation is 
have been determined by experience. The present either high or low 
plant practice of discharging the pulp at a pH of Fig. 8 shows the second pH control step. Here, a 
1.8 enables at least 80 pct of the total oxide de- pH electrode assembly dips into the pulp dischars 
livered to the leaching plant to be fed to this Pachuca ing from No. 2 neutral Pachuca. The pH of the pulp 
Consequently, the bulk of the feed is given max- is continuously measured with a type “R” Beckmar 
imum leaching time. At this pH, no precipitation of indicator. Again, the electrical impulse is amplified, 
impurities takes place within the tank and the short recorded, and converted to an air pressure in a Bailey 
retention time does not allow all the oxide to be controller. Air pressure variations, corresponding to 
taken into solution, some oxide passing on to No. 2 pH variations, are relayed through a Bailey Stand 

To obtain automatic control over these set condi- atrol unit to a Conoflow valve positioner and vari 
tions, the desired oxide feed rate is selected man- able resistance. Variations in resistance, which now 
ually using the Thy-mo-tro!l control. The Baiiey correspond to pH variations, are used to control the 
controller allows a pH to be selected at which the oxide feed rate to this tank thr h a Thy-mo-trol 
pulp from No. 1 Pachuca is to be discharged (pH motor control unit. The Bailey selector valve allows 
1.8). Any deviation from this set value is trans- the equipment to be operated manually 
mitted by controlled air pressure to the air-operated Operating experience ha shown that No. 2 
acid valve and compensation in acid flow is made Pachuca should be discharged at a pH of 4.8. At 
automatically to maintain this selected pH. In other this acidity, the pulp varries about 10 to 15 pet 
words, the pH of the pulp and oxide feed rate are excess zinc oxide. The selection of this value allow 
held constant, leaving the rate of acid addition as the remaining three neutral Pachucas to operate in 
the only controlled variable the pH range of 5.0 to 5.4, ensuring ifficient time 

Certain safety devices have been incorporated for the precipitation of such d yived impurities a 
into the control equipment of No. 1 Pachuca to iron, arsenic, antimony, and germanium. A pH lower 
guard against failure. The pneumatic acid valve } than 4.8 would cause impurities to appea m the 
spring loaded. If for any reason the control ai! final neutral Pachuca discharge, whereas a high 
supply to this valve should fail, the valve will snap pH would introduce too large an excess of zine oxide 
shut and an alarm bell will ring. The oxide feede in the final pulp 
motor drives a hydraulic tachometer. Pressure To place No. 2 Pachuca under automatic control 
exerted by the tachometer is transmitted to a sole- the Bailey controller is set to a pH of 4.8. Deviation 
noid valve. If the feeder motor should stop for any from this set value are transmitted by controlled air 
reason, the hydraulic pressure will drop to zero, the pressure to the variable resistance, and compensa 
solenoid valve vents the air line supplying the acid tions ir; oxide feed rate are automatically made to 
valve to atmosphere, and the valve will snap shut maintain this selected pH. The pulp entering thi 
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Fig. 10—Chort of the pH recorder shows the discharge from No. 2 


Fig. 9—Chert of the pH recorder shows the discharge from No. | 
neutral Pachuce 


neutral Pachuca 


unk that which lischarged from No. 1 Pachuca failure being due to the abrasive action of the pulp 
i tant pH of 1.8. Acid thickener under- yn the glass envelope 

lue filtrate solution that carries the rhe final neutral Pachuca pulp, containing 3 pct 

I Pachuca are also at a constant pH of solids, is discharged by launder to a Dorr-type DSFA 

th lischargir from t? Pachuca classifier. Classifier slimes flow by launder to four 

H f 4.8, th nt ed va Dorr torque thickeners. The thickeners, 50 ft diam 

t th the ite of oxide additior by 15 ft, are of wood stave construction. All im- 

tw e] nt tem w chosen mersed metal parts are of Everdur. Clarified over- 

t the da f acid appe n those flow from these thickeners leaves the plant by 

t f j tior e., N 4, and launder to the first of the neutral sulphide leaching 

é trol 2 ictually a safety measure plant Pachucas and represents 45 to 48 pct of the 

‘ t hing in the first Pachuca witl combined flow. An average assay of this solution 

at the harge from the second will appears in Table III. The neutral thickener under- 

I ater purificatior flow, carrying 30 pct solids, is pumped by 2 in. Dorr 

lhe equipment wa lesigned liaphragm suction pumps to the acid leach section 

i it ipervised | the Bailey Meter if the plant. These pumps, as well as the lines to 
Lt the present time ttle t ible ha them, are made of Everdur 

ed with the equipment and shutdowr The use of automatic control in the neutral leach 

f t i of short duration. The stage has greatly simplified operations by ensuring 

: which the elect je assembly must consistent leaching conditions. Figs. 9 and 10 show 

' t e of the t the charts of the pH recorders for the discharge from 

by imme t } } cid N 1 and 2 neutral Pachucas. This close pH control 

i then th ‘ with wate has resulted in a constant low impurity tenor in the 

! er r istation of foreigr neutral thickener overflow, constant excess of zim 

{t el ele i ! oxide in the final Pachuca discharge pulp, and good 

t! in be ret ‘ th frest ettling qualities in the thickeners. The rate of iron 

G trod f abou é th addition is the only important manual operation 


Table II!. Oxide Leaching Plant Assays 


G per Liter Mg per Liter 


Selations H 7a ce re Fe As Sb Ge Ce so 
26.4 6 Trace 2.46 50 83 
2 Trace 97 84 27 5.9 a19 
ae ‘ 
7 ri. 
Pet Dry Weight 
Water 
Total Sele Sele 
Material Zine bie Za bie Za ce Fe rb As Sb Ge r Insoluble 

residue ‘ 0.7 106 46 10 0.016 0.003 13.00 
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Table IV. An Assay Comparison of Zinc Cell Electrolyte Produced Before and After the Advent of the Combined 
Flow Method of Processing Zinc-Bearing Materials 


Materials Treated Year per Liter Ce 
Zine sulphide los 140.2 96 
r entrates only 1949 131.1 7.5 
1954 133.0 7.7 

Zinc sulphide concentrate and 1951° 126.7 7 
zinc oxide fume 1952 126.0 72 

1953 132.5 7 


* Beginning May 1951 


Mg per Liter Imperity 


ca Fe As Sb Ge Fr ce 
05 22.0 0.02 4 om 
05 21.0 ».02 4 1.0 
03 192 2 4 13 
18.0 02 0.008 as 12 
o4 18.8 00 006 73 i2 
o4 17.5 00 0 025 0 005 46 13 


necessitating close scrutiny by operating personnel 

The cell acid used in the oxide leaching plant is 
produced during the electrolysis of zinc sulphate 
solution. From the electrolytic cell room, the acid 
is laundered to 40 ft diam by 14 ft steel or wood 
stave storage tanks. All wood stave tanks are lead 
lined while the steel ones are lined with rubber 
From storage, the acid is pumped through lead or 
polyethylene lines to the oxide leaching plant using 
3x2 Worthite pumps. The acid is delivered to the 
first neutral Pachuca, the first acid leach tank, and 
to the iron leach tanks. Acid flow is considerably 
greater than plant requirements, ensuring available 
acid at all times to each operating unit. Excess flow 
is returned by launder to storage. The average assay 
of this acid appears in Table III 

Acid Leach Process: The acid leach section is com- 
prised of three mechanically agitated rubber-lined 
steel tanks, 10 ft diam by 12 ft. Continuous leaching 
is made possible by connecting the three tanks in 
series by means of launders. Average solution flow 
through this section is 350 water tons pet 

Classifier sands from the neutral leach section are 
flushed through a launder to the first acid leach tank 
and are leached by a continuous flow of cell acid 
The overflow from the first tank joins the neutral 
thickener underflow in a common launder and is fed 
to the second tank. Overflow frorn the second passes 
on to the third. Pulp discharge from the third tank, 
containing 10 pct solids, is laundered to two Dorr 
thickeners. These thickeners are similar in all re- 
spects to those in the neutral circuit 

Cell acid is added continuously to the first acid 
leach tank, the rate of flow being controlled by a 
manually operated acid valve. The flow is adjusted 
so that the pulp discharging from the third or final 
tank has a pH of 3.5. This value has been found to 
give maximum zinc recovery with minimum im- 
purity pickup. A lower pH than this would intro- 
duce excessive amounts of impurities such as arsenic, 
antimony, and germanium into the neutral leach 
circuit by way of acid thickene: overflow return 
A portable Beckman pH meter is used for this con- 
trol, and pH readings are taken every 15 min 

Acid thickener overflow, containing less than 0.1 
pet solids, flows by gravity to a surge box. From 
here, it is pumped through copper lines by 4x3 Allis- 
Chalmers pumps to two 20 ft diam by 20 ft rubber- 
lined stave tanks. These tanks are located in the 
neutral leach section of the plant. Rate of discharge 
of this solution to No. 2 neutral Pachuca is con- 
trolled by manually operated valves. 

Acid thickener underflow, containing 35 pct solids, 
is pumped by 2 in. Dorr diaphragm pumps to a 
common launder in which the pulp is carried to a 
mechanically agitated surge tank. This tank is of 


day 
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wood stave construction and is 14 ft diam by 10 ft 
From the surge tank the pulp is pumped by a 3x2 
Vacseal pump to two Oliver continuous drum filters 
The level of the pulp in the filter trough is held con- 
stant by adjustable overflow weirs feed to 
the trough is returned to the surge tank 

Due to the slimy nature of the acid thickener feed, 
the settling qualities are poor. To obtain a relatively 
clear overflow, it has been necessary to withdraw 
about one-third of the flow to the thickeners as 
underflow. Consequently, the percentage of solids 
in the underflow is low, thereby adding to the diffi- 
culty of filtering the slimy pulp. Settling aids have 
been tried but, to date, none have been beneficial in 
the pH range at which the thickeners operate 

Each of the 8x16 ft Oliver filters have an effective 
filtering area of 400 sq ft. The drum surface is of 
wood stave construction, the staves being attached 
to rubber-covered cast drum Wood 
staves are of British Columbia fir; drainage screens 
are of redwood. All internal drum piping is of cop- 
per and pipe fittings are of bronze. Drum speed is 
one revolution in 6 min, giving a total pickup time 
of 2 min per cycle. The filter cloth is monofilament 
Saran-type MS-942. The filter cake is discharged 
by wire scraper and falls into a rubber-lined repulp 
trough. Water through overhead wide- 
angled nozzles washes the cake while on the drum 


Excess 


iron heads 


sprayed 


No attempt is made to separate the pulp filtrate and 


wash water. Both are withdrawn from the filter 
through the same pipe. The filtrate is drawn into a 
rubber-lined steel receiving tank from which it is 


pumped by 3x2 Olivite pumps to the acid thickener 


overflow surge box. Vacuurn for filtration is sup- 
plied by Ingersoll-Rand pumps at 18 in. Hg 
In the repulp trough, water is mixed with the 


filter cake to form a pulp containing 50 pct solids 
From here, the slurry flows by gravity to a mechan- 
ically agitated surge tank, 8 ft diam by 8 ft 


Filtering difficulties, due to the slimy nature of 
the acid thickener underflow, have been overcome 
by the use of an open weave monofilament Sarar 
cloth. Selection of this filter medium resulted from 
testing numerous types of cotton, Orlon, Vinyon 
and Saran fabrics. ‘The cake does not cling to the 


smooth Saran fiber. This reduces blinding to a min- 
imum and aids in cake discharge. The 
about 1 pct fine solids that have passed through the 
cloth. This is not a great disadvantage, since the 
filtrate is returned to the leach circuit. There is no 
evidence of a build-up of fines in either the neutral 
or acid stages. Filter cloth life, under continuous 
operation, is about four months 

The cake formed on the filter drum is about 3/16 
in. thick and very compact. Under these conditions, 


filtrate carries 
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Table V. Assoys of the Two Grades of Slob Zinc Produced at 
Flom Flom, Menitobe 


Grade Pb, Pet Ce. Pet Cd. Pet Fe Pet Zn, Pet 
lifficult to a good wash Soluble zinc 
ire eClatively nigt To improve recovery, a 
i irurn filte has heer net ed recently 
i ed to filter the repulped cake from the first 
ma fiitration 
epulped filt cake pumped from 
torage to an 8x16 ft Olive ontinuous drum filter 
Va ca pulrmt The fiiter miia r 
i ts to the two prima filte Saran-type 
| 
V 42 fat again used a a filter medium 
erhead wide-angled zie A wire dis- 
i ‘ ‘ lary ike to a mechanically ag 
‘ ‘ t b Hers wate mixed with the 
i pct | ihe 
" 
rhe i t age a if a 
Phe ira te to the 
ft totally enclosed with a 
ent free the 
} winte Oxid jue 5 
la trie ay of 
ell 
‘ ‘ 
} ‘ ted. Equipment ae tes 
Alt 
vate ntaKe the 
r ine rhe ‘ tral ind | eact 
‘ t Each t wn 
pe r tne neu ‘ 
*> hd the it 
mi re nage imped t the acid 


necessary in order to accommodate the increased 
flow resulting from processing zinc oxide fume. The 
number of neutral Pachuca tanks was increased 
from 9 to 11. Continuous zinc dust purification facil- 
ities were extended by 25 pct. Two additional cell 
acid storage tanks were installed, bringing the total 
to five. Finally, zinc dust consumption in the puri- 
fication section was increased from 4% to 5% g per 
liter of solution flow. 

It may be of some interest to compare the purity 
of the final zinc electrolyte produced before and 
after the advent of the oxide leaching plant and the 
method of combined flow. Prior to May 1951, only 
zinc sulphide concentrates were processed in the 
zinc plant. Some doubts were expressed as to the 
success of the combined flow method of treatment 
The main reason for this view was that the high 
impurity content of the fume would cause a gradual 
build-up of harmful impurities such as germanium, 
antimony, and fluorine in plant solutions. As will 
be seen in Table IV, this build-up has not taken 
place. Cell room operations have remained normal 
in most respects. Current efficiencies in the zinc 
cells and the purity of metal produced have re- 
mained average 

Zinc metal production for 1953 averaged 180 tons 
Two grades of zinc were produced during 

The high purity grade Four Nines Plus 
was cast at the rate of 120 tons per day Electrolytic 
or second-grade metal was produced at the rate of 
Average assays of both grades 


per day 


that year 


60 tons per day 
appear in Table V 
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Method of Measuring Film Thickness of Solid Lubricants 


authors were interested in a method for measuring 
ricant thickness on tapered die inserts having 
curved surfaces. The lubricant was rayed on the 


nserts at an elevated temperature an 


i it was desir- 
ible to measure the 
after application 
Various standard types of commercial equipment 
Most of the available devices operated 
ym either a mechanical or magnetic principle. The 
mechanical devices, such as micrometers, dial indi- 


were tried 
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Fig. 1—Calibration curve for graphite coating thickness is 
given. Each point plotted is an average of four readings 


cators, shadow gages, etc., would be satisfactory if 
all the surfaces involved in the measurement were 
flat and parallel. The film thickness then could be 
obtained by measuring the overall thickness of die 
plus lubricant coating and subtracting the die thick- 
ness. The accuracy of these methods would depend 
on the dimensional variations, the parallelism of the 
die surfaces, and thermal expansion variations 
Magnetic devices are independent of the die ge- 
ometry and they give a very sensitive direct read- 
ing. A serious drawback of the several magnetic 
devices that were tested was their sensitivity to 
oxide films. In the case of hot-pressing dies, the 
oxide film that was always present on the surface 
made it virtually impossible to get reproducible re- 
sults of sufficient accuracy. Since dies were coated 
at slightly elevated temperatures, the variance in 
magnetic characteristics of the die materials upon 
heating also resulted in poor reproducibility of meas- 
urements. These methods are also limited to mag- 
netic die materials. Fer the authors’ purpose, none 
of the foregoing techniques was entirely satisfactory 
One other device that does not fit into either the 
mechanical or magnetic classification is the air gage 
This method was used quite successfully to measure 
the coating thickness in cylindrical dies. The pro- 
cedure is described in detail by N. P. Pinto.’ This 
method is limited to cylindrical shapes, and the 
measurement has to be made at room temperature 
A very satisfactory device for measuring these 
graphite coatings on come-apart dies of any shape 
was found to be the superficial Rockwell hardness 
tester. This equipment is available in most labora- 
tories, and it was found to have the necessary sensi- 
tivity and reproducibility. The measurements were 
made by using the standard operating procedure 
specified for the instrument. The coated die was 
placed on the anvil with the coating toward the 
penetrator. The loads were applied in the prescribed 
manner and a reading taken from the dial 
The ball penetrator used in the test does not act- 
ually penetrate through the graphite film but forms 
a shallow impression in the graphite. The ball com- 
presses the graphite to a density high enough to sup- 
port the major load that is being applied by the 
tester. The greater the thickness of the coating, the 
higher wiil be the compression needed to achieve the 
necessary density of the lubricant. The effect is sim- 
ilar to the pressing of metal powders where the 
higher the column of powder the greater the stroke 
necessary to attain a given density. Thus, the ver- 
tical motion of the penetrator is related directly to 
the coating thickness. Since each scale division rep- 
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resents 0.001 mm (0.00004 in.) vertical motion of the 
penetrator, the readings would be quite sensitive 

One requisite for the test to be satisfactory is that 
it be independent of the base mater ial. This is neces- 
sary because the dies usually vary in hardness after 
being heated through several hot-pressing cycles 
With the smallest standard load of 15 kg and a ‘s in 
diam ball penetrator, it was found that consider- 
able variation in the hardness of the base material 
did not affect the readings that were obtained. This 
indicated that there was no penetration into the 
steel that the instrument could detect. The use of 
higher loads, or smaller diameter penetrators, yield- 
ed results that were more sensitive to hardness vari- 
ations within the die itself. The effect of the base 
material on the test can be determined by making 
periodic re adings on the uncoated steel. These read- 
ings should not vary 

The hardness tester was calibrated by measuring 
various coating thicknesses on a flat steel plate by 
means of a shadow gage and plotting these values 
against the equivalent readings obtained with the 
hardness tester. The shadow gage was set up with 
gage blocks and the results were very accurate The 
resulting calibration curve is shown in Fig. 1. The 
results were reproducible within one-half scale 
division on the superficial tester. Each point plotted 
in Fig. 1 is an average of fou! readings, and the 
spread was never more than one division. This par- 
ticular calibration curve would hold only for a par- 
ticular type of coating, in this case graphite. Othe: 
materials would yield a different curve. Also, differ- 
ent types of indenters would give different curves 
The nonlinearity of the curve shown Is a typical 
curve from a ball-type penetrator 

The scale on the superficial tester is divided into 
100 divisions numbered in a clockwise direction 
The zero point would be the reading obtained on the 
base material without a coating In this test it was 
always slightly to the left of the scale zero, i.€., a 
dial reading of 98 or 99. As the thickness o! the 
coating increased, the dial reading would decrease 
in numerical value. In order to reverse this condi- 
tion and get a value that increased as the coating 
thickness increased, the values plotted on the ab- 
scissa of Fig. 1 are equal to 100 minus the reading 
registered on the dial 

In these particular experiments, since the surface 
to be measured was concave, a ball penetrator had 
to be used. In the case of flat surfaces, it may be 
desirable to use rod-shaped penetrators having flat 
ends with the flat end facing the coating to be meas- 
ured. This would decrease the sensitivity of the 
measurements in the case of thin coats and also 
make the test less sensitive to variations In the 
hardness of the base materials in cases where softer 
materials were being used 

In summary, the results indicate that the supe! 
ficial Rockwell hardness tester can be used as a de 
vice for measuring the thickness of sprayed graphite 
and similar coatings at normal and slightly elevat d 
temperatures. With a 15 kg load and a ™% in. diam 
penetrator, a minimum film thickness of about 
0.0001 in. can be measured with an accuracy of 
approximately + 0.00002 in The maximum measur- 
able thickness would depend on the load and the 
diameter of the penetrator. It would increase as the 
load increased and the diameter of the penetrator 
decreased 


NP. Pint Measurement of Lubr t Powder Metallurg 
Dies To be published I 
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Metallic Materials Resistant to Molten Zinc 


Refractory boron compounds are shown to resist corrosion by molten zinc. Coatings 
were made from ferroboron and manganese boron by several methods: welding, hard 
facing, and pack diffusion; and techniques of coatings are very important. Mechanical 
failure of the diffusion coatings can be partially eliminated by applying them to type 


416 chromium steels rather than carbon steels 


Welded coatings made with a tungsten 


arc ore better than those made by other welding methods. Sintered compacts of mix- 
tures of iron and chromium borides developed strengths of about 30,000 psi. They re- 
sisted corrosion of zinc at 600°C and oxidation at higher temperatures. 
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Exploeratery Corrosion Tests in Molten Zine—In 
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Fig. 1—Schematic diagram shows mochine used for dynamic 
zinc corrosion testing of all materials evcept those used in a 
few imitiol experiments 


rials, except in a few initial experiments, 
hown in Fig. 1. Samples were tied to tungsten rods 


with tungsten wire, immersed in the zinc, and re- 
volved at 12 rpm about the circumference of a 4 in 
liam <¢ cle Speed of travel was about 12.5 fpm 


The molten zinc was protected from oxidation by an 


of carbon monoxide, or, at a later pe riod 
n the program, by a 9:1 mixture of nitrogen and 
When the effect of both molten metal and 


nosphere was desired, the zinc level was lowered 


atmosphere 
yarogen 


Special high grade zinc was used in all of the cor- 
rosion tests 

Corrosion losses for materials tested are shown in 
Tables I and II. Whenever the materials were avail- 
able in suitable form, the losses are reported in mils 
per year. It was recognized that weight losses on 
irregularly shaped specimens did not show the cor- 
rosion rate but the important consideration—poor 
resistance to corrosion—could be determined readily 
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Table |. Results of Zinc Corrosion Tests 


Neminal Compesitien, Pet. and Conditien 


27 Cr steel; sheet 
26 Cr, 20 Ni steel 
33 Mo, 7 Fe, bala i 
20 Mo, 18 Cr, 6 W, 7 Fe, balance Ni 
27 Cr, 6 Mo, 2 Ni, 1 Fe, balance Co 
37.5 Cr, 7.5 Al, balance Fe 

17 Cr, 4 B, balance Fe, Si, C; 


cast 


rod 


monoy WRC 100 1.5 B, 20 W. balance Fe; rod 
3.5 B, 20 W, balance Fe, Si, C; rod 


rolled 


y WRC 1H 


steel 


Colmor 
Carbor 


sheet 
sheet 
melted, cold rolled 


ially pure 
ially pure 
ide, vacuur 


Tungsten 
Molybddenur 


Chromium 
Cobalt 
Silicor 
Manganese 

Columbium or cl 
Vanadium tlie, contained 


electrolytic 
fou 

1.5 pet Fe 
Tungsten mmmercially pure, sheet 
Chromium ommercially pure 
Molybdenum ommercially pure 

ntered bar 
melted buttor 


melted button 


Battelle 
Battelle made 
Battelle made, 


80 Mo-20 Fe ade 
95 Mo-5 Ta 


80 Mo-20 Cr 


Battelle made, sintered bar 

" Battelle, Si vapor coated on Mo wire 
nized steel Battelle, B vapor coated on stee! 

m iror Coating from siliconized tror 


1.7 
Commercial Alleys Tested at 700°C 
12 


a9 
Pure Metals Tested at 700°C 


Pet Wt Less 


in 50 Hr Comments 


Commercial Alleys Tested at 440°C 
22 


Corroded too badly to weigh 


Not uniformly wet 


Completely consumed 


Pure Metals Tested at 440°C 


0.007 Not wet, not discolored, average 2 samples 

3.2 t. not< jored, average 4 samples 
co umed as than 50 hr 

60 ‘i scale surface after corros 

ple prevented 

irface was abraded 

24 P ‘ oncentrated where holder rubbed sample 


onsumed in leas (han 50 hr 


weighing, corroded when 


omy 
1.600 Weigt 
0.200 Weight 
Completely 
Completely 


wet 
wet 


as due to frac re of sample 
yas due to frac 
consumed 


of sample 
less than 50 hr 
less than 50 hr 


ture 
consumed | 


Not wet 


Consumed in less than 50 hr 


12 
Special Alleys Tested at 440°C 


results with sintered bar 
at 50 hr, same results with 


Not wet, same 


Not wet 
Brittle « 


weight gain at 200 hr 
ating showed craters after corrosior 


For discussion purposes, the metals listed in 
Tables I and II are divided into three groups: pure 
metals, commercial alloys, and special alloys 

Commercial Alloys: At 440°C, cast iron,* high 
silicon iron,* and mild steel* were almost as resist- 


the zinc industry that these metais 


atures above 500°C 


wiedge in 
zinc at temper 


corrode very 


is common &r 
rapidly in 
ant to zinc as were the higher alloy metals. Alloys 
not resistant at 440°C were presumed not to be 
resistant at 700°C. 

Pure Metals: Tungsten, in a reducing atmosphere, 
was almost completely resistant to zinc, even at high 
temperatures. It did not appear to be wet by the 
zine, either when abraded or vibrated ultrasonically 
in the molten zinc bath. Corrosion did occur at a 
very slow rate at the zinc atmosphere interface; two 
sets of % in. diam W holding rods sufficed for 
almost continuous corrosion testing for a period ex- 
ceeding 3% years. Tungsten, however, has poor re- 
sistance to oxidation, especially above 600°C 

Boron and silicon, not being wet by molten zinc, 
were completely resistant to it. The losses recorded 
were due to experimental difficulties with the brittle 
samples. These results led to an extended research 
on commercial ferroborons, manganese borides, and 
chromium borides. Ferrosilicons were not included 
in the development, because siliconized iron and 
high silicon cast iron showed little promise of re- 
sistance to zinc corrosion at elevated temperatures 

Special Alloys: Molybdenum alloys, made by pow- 
der metallurgy techniques, and some special boron- 
containing commercial alloys of the Colmonoy type 
were evaluated. It was found that most of the addi- 
tions to molybdenum did improve its resistance to 
zinc. Poor fabrication characteristics and high costs 
discouraged further development of these alloys 

Cr-W-B alloys of the type showed 
promising resistance to zinc in initial corrosion tests. 
However, alteration of these alloys by the addition 


Colmonoy 
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Table t!. Results of Zinc Corrosion Tests 


Cerre- 
sion Rate, 
Mils per 
Year, 0 
Hr Test 


Nominal 
Com peositien, 
Pet, and 


Cendition Comments 


Commercial Alleys Tested at 440° 
1010 cold rolled 686 
Pure Metals Tested at 440°C 
mr y pure 03 


Carbon Stee! 


nerciall 


Tungster 


Molybdenur Commercially pure 67.0 
Special Alleys Tested at 440°C 
Mo-W 
100 
Mo 
0.0 
Mo 
rolled sintered ber 26 
Mo- 15 Mo-85 Fe, forged 
119.0 
Mo- cast 
163.0 
Mo-Fe 
486 0 
W-Fe forged 
bar 685.0 
Pure Metals Tested at 700°C 
Tungster ommert pure 25 
Moly bdenur ymmercially pure 7270 
Special Alleys Tested at 100°C 
80 Mo-20 W. hot 
rolled sintered 


bar 


Mo-W 
264.0 


of other resistant metals failed to improve the basic 
alloy 

Intermetallic compounds of several of the transi- 
tion metals, fabricated by powder metallurgical 
techniques, were found to resist corrosion by zim 
Their development is reported in the section of this 
paper entitled “II. Sintered Borides.” 

Production of Zinc-Resistant Metallic Articles— 
The most promising materials for further study 
were boron, silicon, chromium, tungsten, molybde- 
num, and the alloys of these Other alloy: 
capable of resisting zinc were Fe-B, Mn-B, and sim- 


metals 
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= 
Metal 
Stainless 446 
Stainless 310 - 
Hastelloy “B 58 
Haste 33 
Stellite 21 18 oe 
Hoskins 10 6 
Colmonoy No. 6 46 
Duriror ‘ 14 
Cast 27 oy 
om 
Tita Pure, iod “at 
Zirconium Commercia pure Rin 
Tantalum Commercially pure Pay 

iy ‘a 
‘ 
— Not wet, 
sintered t 
95 M 0.44 Wetted by z 
Bore 
Bor 6 
Silic« 40 
Rare 
Metal 
Data f 4 
Table | 
Data fro: 
Table | 
Not wet 
“ 

Not wet 

Not wet a 

Data from 
Table ! 
Tabie I ye 
not 
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Fig. 2—Typical growp of weld coatings of ferroboronm on steel panels ore shown after exposure to zinc at 590°C. Sample |, normal coating 
produced by tungsten orc, showed serious attack after 100 hr exposure. Sample 2, thin coating produced by tungsten arc, showed very little 
attack ofter 100 br exposure. Semple 3, extra thin cocting, tungsten arc, foiled after 40 hr exposure. Sample 4, extra heavy coating pro 
duced by tungsten orc, showed serious attack after 100 hr exposure. Sample 5, normal cooting by carbon arc, failed after 40 hr exposure P 


t j and cide Most of these metals and satisfactory resistance to molten zinc at 590°C 
id some inherent characteristic which pre- Therefore, the coating rods and pastes contained at 
he ise in the available commercial form least 18 pct B to help overcome dilution during 
: f gnificant amounts of boron, sili- welding. It was difficult to produce uniform coatings 
ese, and cI mium were hard, brittle, if the boron content of the rod or paste was increased 
‘ kable. All f tungsten and molybde- to 24 pet. Coatings which were resistant to molten 
4 iired the development of special fabrication zine at 590°C were produced by all weld surfacing 
" f ‘ Diffusior ating, flame spraying, paint- methods, but consistently good coatings were ob- 
| 1 su : ind powds etallurgy tech- tained only when the shielded tungsten arc was used 
‘ n attempts to circumvent the diffi- Overheating and consequent dilution of the boron 
ble posed | the brittle alloy with iron was a difficulty encountered with all 
teria surfacing methods 
irc and Gas Welding Meth- The best coatings were produced with the tung- 
tant be ntaining alloy coatings sten arc when the rods consisted of thin-walled steel 
b n or borides to stee tubes filled with 24 pct ferroboron. If a paste was 
em bon ar hielded tungsten used, 18 pct ferroboron with a small percentage of 
} ‘ The coating alloy was either tungsten or manganese added gave the best 
ecially produced weiding results. The binders used were important. Resinous 
vith a paste contain- binders were unsatisfactory because they carbonized 
é eld The ated sample and caused discontinuities in the coating. Silicate 
esistance t n by making the binders promoted the flow of the coating alloy; 
act icible n- sodium silicate gave the best results with extruded 
Stat n test t 590°C were rods, potassium silicate the best with paste coatings 
f ficulties ef intered in coating Fig. 2 is a typical group of weld-coated steel 
4 necessity for dynamic cor- panels after exposure to molten zinc at 590°C. Vary- 


ng degrees of melting in were used with all of the 


Ex t} é fe t t howed experimental coatings. It is evident from Fig. 2 that 
tha 2 pet B was required to give a better technique was required. Either too heavy or 


too thin coatings had less resistance than moderate 
coatings which are designated as thin 

Two types of attack by the zinc are evident in 
Fig. 2. On heavy coatings, corrosion is serious and 
iniform which indicates that too much melting in 
diluted the boron content below the required mini- 
mum. Too little melting in resulted in a pitting type 
of corrosion evidenced by the columnar structure of 


sample No. 3 in Fig. 2. The solid masses on samples 


No. 3 and 5 are refractory Zn-Fe compounds, ccr- 
on products that were formed during the test 


These experiments showed that zinc-resistant 
Fig) 3—Two specimens of : 


steel, ottoched to small tung 
sten rods were diffusion 


coatings on steel can be produced by welding ferro- 


boron of not less than the 18 pct grade to the surface 


: 


* cooted with pure boron and of steel plate Tungsten can be added to the ferro- 
3 subjected to corrosion im zinc boron to increase the resistance of the coating to 
, ot 600°C. Specimen 10 was zinc. The development of the correct welding tech- 

tested for 11) hr and 10A nique is very important for the successful production 


tested for 63 hr of zinc-resistant coatings 


Flame Spra yed. Painted, Vapor Dem sited. and 


Electrolytic Coatings: Two types of flame spray guns 
were used to apply coatings to steel plates and rods 


both guns sprayed the powdered boron alloy through 
an oxyacetylene flame. Coatings were made from 18 
and 24 pct ferroboron and from commercial amor- 
phous boron 

Uniformly adherent flame-sprayed coatings of 
ferroboron were difficult to apply because these 
coatings invariably spalled and crazed. Amorphous 
boron coatings rubbed off easily. Sintering of the 
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sprayed coatings improved the adherence of the 
coatings but did not prevent their spalling. Low 
melting Fe-B alloy formed during sintering caused 
washing. The resultant coating had areas that were 
too low in boron content for good resistance to zinc. 

Painting powdered mixtures of boron or B-Fe 
alloys on a steel surface followed by heating proved 
impractical because a porous coating was left when 
the binders and carriers were burned out. Either 
fusing or sintering alloys painted on or applying 
them by flame spraying was not successful because 
a low melting low boron coating was formed. 

Molybdenum, vapor coated with silicon, showed 
excellent resistance to molten zinc but the material 
had poor mechanical properties 

Vapor-deposited boron coatings were made on 
steel by exposure to boron trichloride at from 800 
to 1000°C. Thin coatings made in this manner cor- 
roded uniformly in molten zinc; heavier coatings 
failed by pitting corrosion. Electrolytic deposits of 
boron on steel were not resistant to attack by zinc 
because the soft amorphous boron deposit was 
quickly eroded away 

ack Diffus Pack diffusion coatings 
were produced by packing powder around an object 
to be coated and then heating the pack. Boron or 
boron alloys were diffused into steel samples at 
980°C in an atmosphere of hydrogen or hydrogen 
chloride. The diffusion coating period varied from 
18 to 48 hr. Diffused coatings were produced from 
pure boron, 24 pct B), manganese (17 
pct B) boron, chromium diboride, and mixtures of 
these materials. If properly applied, the coatings 
were almost completely resistant to molten zinc at 
temperatures up, to 600°C. Dynamic corrosion tests 
that had a life of between 100 and 200 hr were com- 
mon in the laboratory. Fig 
attached to small tungsten rods, that were coated in 
pure boron. The bulged upper ends are formed by 
Sauereisen cement that was used as an aid in hold- 


ing the specimens 


ion Coatings 


ferroboron 


3 shows two specimens, 


Early in the work on diffusion coatings with boron 
and ferroboron, it was found that the coating con- 
If the 
second phase (high boron, H in Fig. 4) was not 
present, the coating was not resistant to zinc. The 
formation of the high boron phase depended upon 


sufficient length of coating time 


sisted essentially of two needlelike phases 


If the coating times 
too long. however, the coatings did not adhere 
well to the base material 


were 
Under these conditions, 
two types 
f 


of cracks developed and caused subse- 
Peripheral cracks that formed be- 
zinc-resistant phase and the inner 
nonresistant phase (as between H and G in Fig. 4) 
caused the desired coating material to spall. Radial 
cracks also developed, as at I in Fig. 4 and C in Fig 
5, which permitted penetration of the zinc to the 
base metal. Figs. 4 and 5 are before and after pic- 


juent ailure 


tween the outer 


Fig. 4—Before: mi- 
crograph of pure 
boron diffusion coot 
ing on steel before 
exposure to zinc 
shows that the coot 
img consisted essen- 
tially of two phases, 
H and G; |, radial 
crock; E, bese metal 
Specomen as polished 


X100. Area reduced 
approx. 45 pct for re 
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tures of the same specimen. In Fig. 5, C is zinc in a 
radial crack and F and D are high zinc areas. Area E 
in both figures is the base metal 

Cracking may be caused by differences in expan- 
sion of the various components of the coated steel 
An examination of available literature on thermal 
expansion measurements revealed nothing on the 
subject of metal compounds applied as coatings on 
metals. However, the literature was replete with 
information on the coating of metals and ceramic 
bodies with glazes. The processes involved in these 
operations were applicable to the authors’ problems 

The thermal expansion of the coating and base 
materials and their relation to each other are the 
most important of the factors that determine the ad- 
herence of a ceramic coating. Bell” states that the 
coating should be in compression (but only slightly) 
if resistance to cracking is to be expected. He does 
not clarify his reasoning that the coating is in com- 
pression if the coefficient of expansion of the coating 
is less than the base material. However, at high 
temperatures the coating material is relatively plas- 
tic so that, if the base material has the higher co- 
efficient of expansion, the coating will be in com- 
pression when the composite is cooled. Dietzel and 
Meures™ cite the need for a graduated 
layers in the coating with the expansion coefficient 


series of 


varying in order from the high value of the base to 


the low value of the outer coating. They also em- 


phasize the role of coating thickness. Thinner coat- 
ings are considered best 

Merritt and Peters” and Saunders” 
for using small chips of the coating mats 
terferometer measurement of the expansion. By 
adaptation of these methods 
tubes which were essentially all F« 


show a method 
rial for in- 


diffusion-coated stee] 
B compound 


‘were used to obtain expansion data on the coating 


material. Other works of Merritt and Peters 
also helpful in this work 
ments were made over the range from 20 


were 
Dilatometric measure- 
to 600°C 
on the base steel and on a coated specimen, and in 
terferometric measurements were taken on chips of 
the coating. These measurements produced the fol- 
16.5x10° in. per °C 
13.6x10~ in. per °C; and coating 


lowing data: carbon steel 


coated specimen, 


chip 13.0x10° in. per 
Since the « Xpansion coe ficient of carbon teel 
so different from that of the coating, cracks would 


To minimize this differ- 
with a coefficient of ex- 


be expected in the coating 
ence, 12 to 14 pct Cr steel 


pansion of about 13x10* in. per °C was chosen 
Diffusion coatings on types 416 and 430 stainle 
steels were similar to those on low carbon steel 
see Fig. 6. Although the radial crack were elimi- 


nated, the peripheral cracks remained 


Corrosion test of boron coat ng on chromium 
steels showed great improvement over similar coat- 
ings on plain carbon steel Penetration of the zinc 


Fig. 5—After micro 


graph of the some 


specimen os in Fig 
f 3 4 shows the effect of 
exposure to zinc C 

J ; labels rinc-tilled 
radial crock; F and D 

ore high creas 

E is the bose metal 
Specimen as polished 

X100 Area reduced 

approx. 45 pet for 


c™, reproduction 


o~ 
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b—Type 416 chro- 
mum steel wos 
treated for 36 hr 


o—Type 416 chro 
mum steel wos 
treated for 36 br 


Fig. 6—Chromium steel samples were diffusion coated in pure boron. The microstructure 


studies show that rodial crocks were eliminated but that peripheral cracks remained. Both 
samples were etched with picral. X100. Area reduced approximately 45 pct for reproduction 


rT } wiial cracks to the base metal was elimi- vapor at temperatures up to about 600°C (1100°F), 
alling of the coating wa esponsible for if only the higher boron phases of these metals are 
Fis hows three chromium steel speci- exposed to zin< Furthermore, it was shown that 
h were exposed to molter ne at 600°C FeB, the higher boron phase, could be diluted with 
‘ ea , rent: pitting as illus- iron to a mixture of Fe,B and FeB containing only 
i ‘ en N 1 and spalling as in specimen 12 pet B and still retain most of its resistance to 
‘ N how i late tage of corr attack by olten zinc With this knowledge, it was 
af ed a natural step to investigate the corrosion resistance 
\rhe pitting failu was rather uncommon and was of sintered materials whose composition could be 
. ed with a } ‘ mbed iter high boron controlled closely 
phase that wv metime btained. Such a coating Some aspects of the sintered borides under con- 
— he e of the honeycombed sideration had been studied by Hagg and Kiessling” 
" t found, but it thought to be and McBride et al Steinitz and Binder” investi- 
wit ich variables a ate of heating gated sintered bodies formed by powder metallurgi- 
e, and it le ty of the packed coat- cal techniques from borides of the transition metals 
The ultimate objective of their work was to ds velop 
Chir atu ulthough they were more adherent mechanically strong and oxidation-resistant mate- 
we ' ‘ the high t n phase was rials suitable for cutting tools. To the authors’ 
The idition of tungster bdenum knowledge, no previous attempt had been made to 
i ob , te the iting powder mix failed to develop these materials for resistance to corrosion 
' ack by juid metals. Recently however, Schwartzkopf 
Conclusions —N mon metal y has beer and Glaser” have reported that sintered zirconium 
ind t t ta ina 
‘ ‘ xvid ) here 
eld hig g methods. Diff 
j ind an- 
‘ that ta at i 2 t B. The 
ec} ea t tr ate il Was 
fect ‘ atisfa coating 
4 ta 
t ha ber gained 
these expe M work needed to 
, her tl t needed for 
ed It belleved 
: f tl wit factors may 
‘ t ack-free inc- 
‘ Te irface eparation 
articl iff n King pow- 
le effect heres, 4—identification of 
et na ed oating ina choice 
f prope ‘ Dinatior f coating and base materials 
il. Sintered Borides 
. Fig. 7—Three boron-coated chromium steels were exposed to 


molten zinc ot 600°C. Specimen | shows pitting-type foilure:; 
chromium or manganese and iror 7 teel have been specimen 2, spalling; ond specimen 3 illustrotes a loter stoge 
shown to resist corrosion effectively in zinc or zinc of corrosion after spalling hes occurred 


Coatings of iron b je and mixed borides of 
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boride shows high resistance to aluminum, tin, high 
copper brasses, lead, and copper. 

Raw Materials— The raw materials used in this 
phase of the research were: iron boride (ferro- 
boron) containing 24 pct B; manganese boride, 17 
pct B; a nominal amount of chromium boride, 26 pct 
B; and various metal powders. The iron boride con- 
tained a large excess of boron over the amount re- 
quired to form FeB. The manganése boride was 
essentially MnB. The chromium boride was a com- 
mercial product sold as “CrB,”. Although the actual 
composition of CrB, may have varied appreciably 
from the theoretical formula, its exact composition 
was not determined. In any case, it contained an 
excess of boron beyond the amount required to form 
CrB. The inability to form strong sintered compacts 
with manganese boride and iron probably was in- 
fluenced by the lack of an excess of boron in the 
base material over that required to form MnB 

Preparation of Compacts—aAl! of the borides that 
were cold pressed were prepared with a binder for 
added green strength. The maximum pressure for 
compacting usually was 11,000 psi. The green com- 
pacts were dried at about 150°C before presintering 

Powders to be hot pressed were placed in the 
mold dry with no additional binder 

Sintering: A review of the Fe-B phase diagram 
may assist in understanding the reactions during 
sintering. At the high iron end of the diagram, a 
eutectic with 3.8 pct B that melts at 1174°C occurs 
between pure iron and the « phase. The « phase, 
which theoretically contains 8.82 pct B, melts at 
1389°C. The diagram also shows a phase, n, contain- 
ing 16.23 pct B. The » phase inverts to » at 1131°C, 
which melts at approximately 1550°C. In this paper 
« is referred to as Fe,B and » or » as FeB. Both man- 
ganese and chromium, with atomic weights close to 
that of iron, form similar compounds. The binary 
phase diagrams of B-Mn or B-Cr are very similar to 
the B-Fe diagram. Similar borides of these metals 
(e.g., FeB, CrB) formed solid solutions (mischcrys- 
tals) in every sample examined during this study 

Melting point determinations were made as a 
guide in selecting sintering temperatures. Normally 
for powdered metal compacts, the proper sintering, 
temperature would be in the range from about hal! 
way between room temperature and the melting 
point to 75° or 50°C below the melting point. In this 
work, it was found that rapid sintering at higher 
temperatures produced the best bars 

Compacts sintered slowly at lower temperatures 
formed sweat beads. Presumably the boron and iron 
first combine to make Fe,.B, which then forms eutec- 
tic with uncombined iron. The beads observed on 
slow sintering are composed of the eutectic. Later, 
when all of the iron has combined with boron, the 
eutectic disappears. Rapid high temperature sinter- 
ing apparently forces the compound to form at a rate 
such that sweating of the eutectic cannot occur. All 
sintering and presintering operations were con- 
ducted in a hydrogen atmosphere 

Compacts based on iron boride could be sintered 
equally well whether they were heated in a muffle 
or by induction. Compacts based on chromium 
boride heated somewhat inefficiently by induction, 
while those based on manganese boride could not be 
brought to sintering temperature by this method 
Manganese boride (MnB) appeared to act as a non- 
conductor 

Properties of Cold Pressed and Sintered Bodies 
Typical properties of cold pressed and sintered com- 
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Fig. 8—Pitting foil- 
wre of boron ditty 
sion-coated type 430 
stainiess steel was 
rather uncommon and 
associoted with 
honeycombed outer 
high boron phase 
sometimes obtained 
Specimen picral 
etched. X100. Area 
reduced approx. 40 
pct for reproduction 


pacts of uniform cross-section are shown in Table 
Ill. The data indicate the advantage in strength ob- 
tained when a part of the boride is formed by diffu- 
sion into metal powder admixtures 

The least expensive mixture from which reason- 
ably high and consistent strengths were obtained 
was 67.7 pct ferroboron (24 pct B) plus 32.3 pet Fe 
powder. Sintered compacts of this mixture should 
be essentially FeB. Compacts based on chromium 
diboride with additions of iron, cobalt, and nickel 
were stronger and more resistant to oxidation. The 
bar graph in Fig. 9 indicates the comparative 
strengths of the sintered borides and those of 
graphite and gray iron. Since cobalt and nickel are 
expensive, mixtures containing these elements 
would be chosen only when the density, increase in 
strength, and oxidation resistance over that of the 
CrB,-Fe mixture might be especially important 

Effect of Reheating in Air: The strength of the 80 
pet CrB,-20 pet Fe compacts could be nearly tripled 
(from 10,300 to 29,900 psi) by reheating them to 
700°C in air for 2 hr. Reheating similar compacts in 
air to 800°C increased their strength only slightly 


43,0007 
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j 
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j 
j 
4 
V/ 
V/A j 
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Fig. 9—Strengths of sintered borides ore compored with 
those of graphite ond groy iron 
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Table Il! Properties of Cold-Pressed and Sintered Compacts* 


Pewder ( ompeosition ( ompact Presinter Sinter Calculated 
Wt Pet ing Tens Density. 
Pressure Tempers Time Tempera- Time Strength. G per 
Reride Metal Psi tare, Min tere, Min Psi Ce Cm 


900 


7.700 
31,400°°° 


ynsiderably 


é hea , 900°C in air decreased them search was confined to an evaluation of materials 
t h. Reheating the CrB,-5 pct Ni-10 pct Fe resistant to molten zinc, several attempts were made 
f 2! t temperatures in the to produce shapes other than round or rectangular 
0° to 1 °C had little effect on the ba! Angle sections with one leg thicker than the 
gth. Some ga in strength was ob- other were hot pressed directly. Some excellent 
eheating the CrB,-15 pet ¢ ) pct Ni bar pecimens were obtained, but it would be difficult to 
, perature from 900° to obtain long pieces by this method. One quite suc- 
‘ i ke afte eheating, had cessful method of making irregular shapes, such as 
‘ 4.00 [ l jual bar mall impellers, was to cold press a solid compact of 
‘ eheating from 30,500 to 38,100 ifficient size and then carve or machine the compact 
‘ f appearance could to the desired form. The shaped part was presin- 
ite eheating tered and then sintered as usual 
lat xp nts proved that sintered Small propellers and impellers were hot pressed 
Fe are re tant to n shaped graphite dies. This method was very suc- 
e und those cessful, although some difficulty was encountered 
) pet Fe t N 0 pet when a corea hole was required. When bodies were 
fi are re int up to at least hot pressed around a graphite core, it was necessary 
é i " ‘ letermine the to remove the graphite core at the same time that 
suse ‘ ‘ ‘ , trengt! f the the pressure on the die was released. Otherwise, the 
eheating then ! " at part cracked as the material cooled and contracted 
the mpact ntained some Fe,B Figs. 10, 11, and 12 show small parts made by these 


At 9 f the FeB have been oxidized During the attempt to produce irregular shapes 
dy t i essed npact inders a by carving cold-pressed compacts, it was noted that 

ht great thar me-third of the better results could be obtained if the compacting 

pressure was increased beyond the 11,000 psi nor- 


} Pre le ke etal powds av be mally used. However, machining operations became 
} , ed it rite i The final compact more difficult with denser compacts 
t tained conforms to the moid dime t Resistance to Corrosion Ly Zinc—The sintered iron 
t experiments were nined t n boride compacts with 16 and 24 pct B were com- 
B) produced t iituting 24 pet ferro- pletely resistant to corrosion by molten zinc at 
with pow cde Cylinds % in. diam and 595°C. Similarly, complete resistance to corrosion 
pre 1 in graphite ! Ss that were was exhibited by the following pressed and sin- 
heated in induct furnace. A | ire of 4000 tered compacts: 85 pct CrB,-15 pct Fe powder; 85 
ws applied enta graphite pistor pet CrB,-15 pet Co powder; 80 pct CrB,-15 pct Co 
each end of the « nde when the tem- powder and 5 pct Ni powder; and 90 pct MnB-10 pct 
sture eached 1400°C T? ‘ ire was re- Fe powder. Compacts of CrB,-15 pct Ni powder, 
eased ediat and the ! ict was cooled in which were the strongest achieved (see Table III), 
the 1 1. The t e strength of two typical bars failed rapidly in molten zinc 
way we espective 15,000 and Sintering of MnB compacts was never completely 
1.700 The nd lensitic were 5.42 sccessful, since even after long sintering periods the 
497 and the apt ent por the 15 and 2.93 pct centers f the compacts re mained soft At higher 
} ertic j ‘ to those b- temperatures the mixture melted. Addition of 10 
: i cold pre g and sintering the same mate- pet Fe powder to the MnB did not aid sintering ap- 
ntaining ar ganic binder preciably, and addition of cobalt made sintering still 
Production of Irregular Shapes—A/though this re- more difficult 
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} 
Fe 100 | 0 1200 180 1,700 247 
Mr 11.000 Could t sinter 
Fe 67.71 Fe 32 liom 425 15 1 50x 5 10,800 5.45 
Mn 90% Fe 120 15 1620 15 2.600 
Cr Fe 20 is 1600 30 20 4.36 
Cr & Fe? 2 15 1503 15 and 30 e 586 
Mn 904 Cou te ut 1630" 
Cra 200 158 15 5.86 
Fe 200 15 1593 15 5.43 
f 1200 15 1593 10 6.13 
. So ere hick before sintering. After tering t 1500°C. the dimensions varied cc. Cal- 
ted he modulus of rupture tr erse 
ae espective of time 
‘ 27,400 + ps i the average strength was 31,400 
i 
i 


Hagg and Kiessling” reported that, in sintered 
mixed borides of the transition metals, the metal 
with the lowest atomic number is always richest in 
boron. Therefore, assuming that equilibrium was 
attained, the mixed borides formed in these experi- 
ments may be assumed to have approximately the 
composition given in Table IV. Among all of these 
compounds, only NiB,* Fe.B, and Mn,B are not re- 


by X-ray diffraction if 


to determine > é 
B was formed during 


b 
ossibly only Ni 

the nickel compound is more un 
compounds of the other transition metals 


sistant to molten zinc at 595°C. The NiB appears to 
have a particularly deleterious effect, since compacts 
containing only 17.8 pct NiB disintegrated in molten 
zinc in less than 24 hr. The compacts of MnB plus 
approximately 11 pct each of Mn,B and Fe,B re- 
sisted corrosion. A small amount of nickel (up to 5 
pet) combined with CrB and CoB increased the 
strength of this type of compact without apparent 
damage to its resistance to corrosion. 

Corrosion tests on these materials were made in 
the dynamic tester described previously. Speci- 
mens were moved continuously through molten zinc 
at 595°C for periods up to 400 hr. Within the limits 
of the tests, all specimens except those containing 
15 pet Ni were completely resistant to corrosion 
Thus, no relative rating of the materials is possible 

After continued stirring in the zinc bath, the pores 
of the compacts became filled with zinc. This ab- 
sorbed zinc could be sweated and burned from the 
compacts without damaging them 

Conclusions—The compounds FeB, MnB, and CrB 
resist corrosion by molten zinc at 595°C. Although it 
has not been tested alone, CrB probably also resists 
corrosion by zinc. In any case, the presence of some 
16 pct CrB, or more than double that amount of mixed 
CrB and CoB, in a base of CrB, did not lower the 
resistance of the base material to corrosion at the 
test temperature. MnB, which compietely resisted 
corrosion by molten zinc, could not be fabricated 
satisfactorily from the material available (MnB 
without excess boron) as a starting material 

NiB increases the strength of CrB, compacts, but 


Table 1V. Compositions of Mixed Borides Formed in Tests 


Original 


Mixture Composition Obtained 


15 pet Fe 9 pct CrB + 17.9 pet FeB 
15 pet Ni 5 16.0 17.8 pct NIB 
15 pet Co 17.75 pet CoB 
+ 15 pet Co 21.3 pet CrB + 5.8 pct NIB 
5 pet Ni i <t CoB 
MnB 10 pet Fe 10.4 pct Mn.B 


rB 
By + 
Be 
rBy 


11.0 pet 


NiB is not resistant to corrosion by zinc. Admixture 
of 15 pet Ni with CrB, destroys the corrosion re- 
sistance of the mixture 

Recrystallization and growth of new borides by 
diffusion of boron from high boron compounds into 
most of the transition metals aid in deformation of 
strong bodies during sintering of powdered materials 

Cr-Fe-B compacts, formed by sintering eight 
parts of CrB, with two parts of iron powder for 15 
min at 1593°C in hydrogen, then reheated in air for 
2 hr at 700°C, developed tensile strengths of approx- 
imately 30,000 psi. Similar strengths and greater 
resistance to oxidation can be obtained by sintering 
CrB, with 15 pet Co and 5 pct Ni 

Fabrication of small articles indicates that useful 
products, such as pump parts, die casting machine 


parts,? and others, which are subject to severe cor- 


sintered 
| alloy at 


rosion by molten zinc, may be made of sintered 
powdered borides 

Some indication was obtained that MnB may be 
useful as a high temperature insulator 

Applications for patent rights covering the novel 
features discovered in the work on sintered borides 
has been made by the St. Joseph Lead Co 

Further development of sintered borides as use- 
ful materials to resist corrosion by liquid metals is 
warranted. 
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shaping @ green compact of powdered CrB 
85 pct) and iron powder (15 pct) and sinter 
ing after shaping. One blode was ground 
after sintering. The small crack between 
blades was coused by poor design. X2. Area 
reduced approx. 30 pct for reproduction 


shaping 
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green compact of powdered CrB 
and iron powder (15 pct) and sintering after der 
The simple design is appropricte 
for the moteriol used. X2. Area reduced 
approx. 30 pct for reproduction 


powdered ferroboron (85 pct) ond iron pow 
15 pet) to moke FeB (16 pet B). X2 
Areo reduced approx. 30 pct for reproduction 


85 pct) 
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*Time was not av — 
NIB was actual forn 
sinter Ever this 
desirable than similar 
investigated 
Die casting parts are in contact with 896 pet Zn-4 pet Al al ae 
oys At normal temperatures (400°( this alloy is less corrosive — 
to iron thar zim Eve inde these conditions, dic seters re 
port difficult with corrosior f pistons and the R throug? Pie 
which the ~perate The authors believe boride 
rings and pistons, operating in 96 pet Zn-4 pet A 400"« _ 
would resist corrosior ndef tely ey 
< 
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Crystal Structure of TiRu and TiOs 


meters (thereby completely determining the struc- 
the present investigation was undertaken 
TiRu and TiOs 
were weighed out accurately from iodide titanium 
supplied by the New Jersey Zinc Co., ruthenium 
powder from Goldsmith Brothers Smelting & Refin- 
ing Co., and osmium powder from Wildberg Brothers 
Smelting & Refining Co. No analysis was made of 
any of these metal According to the respective 
analyses of the suppliers, total impurities amount to 
less than 0.03 pct in the titanium 
0.5 pct in the osmium. T! I f tl 
is not known. The alloys were prepared by arc melt- 
ing in a furnace of the type described by Schramm 
Gordon. and Kaufmann." Specimens for X-ray dif- 


fraction were obtained by crushing the ngots and 


Samples having the compositions 


passing the resulting powders through a 200 mesh 


screen. Diffraction patterns were made with a powder 
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i 
F. Morral: Cort Molten Materials. Wire ana 
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2 ; I Penetratior f Mild Steel by 
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Fig. 1—Curves give comparison of observed (lower curve) and 
calculated (upper curve) intensities for TiOs 


camera 14.32 cm diam, the screened powders being 
irradiated with copper radiation filtered through 
nickel foil. Patterns were taken both before and 
after annealing the powders according to the pro- 
cedures given in Table I. In addition, patterns of 
TiOs were made on a General Electric spectrogonio- 
meter, with the Geiger counter scanning the com- 
plete pattern (made with filtered CuK radiation) 
at a speed of 0.2° per min. 

All the diffraction patterns clearly showed both 
TiRu and TiOs to have structures based on a simple 
cubic space lattice and to have a unit cell edge of 
3.06A for TiRu and 3.07A for TiOs. No attempt was 
made to obtain more accurate values of the lattice 
parameters. The lines of all the powder patterns of 
both substances clearly exhibited a definite alter- 
nation of intensity, that is, weak lines alternated 
with stronger lines in each pattern. Moreover, the 
weak set of lines in every instance corresponded to 
those reflections which would have been absent if 
the lattice had been body-centered-cubic 

Relative intensities were calculated for both TiRu 
and TiOs by taking into account the Lorentz, polar- 
ization, multiplicity, and structure factors and as- 
suming the structures to be the B2 (CsCl) type (i.e 
one titanium at 0,0,0 and one ruthenium or osmium 
at 42,42,%). The intensities thus calculated were 
not found to be in good agreement with those esti- 
mated visually from the photographically recorded 
patterns. Since this lack of agreement might be 
attributed to the effect of absorption, two methods 
for improving the agreement were tried. First, pat- 
terns of TiOs were made employing a General Elec- 
tric spectrogoniometer, which is designed to use 
Bragg-type (rather than Laue-type) reflection and 
to reduce absorption effects to a minimum. Second, 
an absorption correction was calculated using the 
method of Bradley‘ for both TiRu and TiOs. Intens- 
ities were measured on the spectrogoniometer charts 
in two ways: 1—by measuring peak heights and 2 
by measuring the area under each peak with a plani- 
meter (both components of the Ka doublet being 
included for the higher angle reflections). No im- 
provement in the agreement between calculated and 


Table |. Preparation of Powders for X-Roy Diffraction 


Substance Recording Method Cendition of Powder 


TiRu Not annealed 

TiRku F Annealed 24 hr at 1000°F 

TidOs F Not ed 

TiOs F Anr ed2 rat 1000°F 

Tides meter Not 

Tids Spex tometer Annealed rat 1400°F 
“ 20 hr at 1000°F 
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measured intensities resulted from either the Bradley 
correction or the use of integrated intensities from 
the spectrogoniometer charts. Intensities as measured 
by peak heights on the spectrogoniometer charts 
were found to give best agreement with the calcu- 
lated values. These calculated values did not in- 
clude an absorption correction in order to obtain an 
appropriate comparison with values measured by 
the spectrogoniometer. When the peak height meas- 
urement was used, only one reflection, namely, (321), 
was found to be in significant disagreement with the 
calculated intensities. This disagreement is prob- 
ably due to the separation of the Ka doublet for the 
(321) reflection; this separation would lower the 
intensity as measured by peak height. Fig. 1 pre- 
sents a comparison of the relative intensities for 
TiOs as calculated and as determined from peak 
heights on the spectrogoniometer chart 

The nature of the powder patterns obtained for 
beth TiRu and TiOs provides strong evidence that 
these substances crystallize in the B2 (CsCl) type 
of structure, despite the difficulty encountered in 
satisfactorily matching observed and calculated in- 
tensities. For a crystal of B2 type, the structure 
factors for all reflections (hkl) are given by 


F (hkl) 
lis even, and 


F (hkl) 


whenh +k 


when h + k + Il is odd, where f, and f, are the 
atomic scattering factors for the two kinds of atoms 
in the structure. Since the sum h + k l is alter- 
nately even and odd for the reflections from a cubic 
crystal, it follows that the B2 structure gives rise to 
kind of pattern of alternating intensities 
as observed from both TiRu and TiOs. Moreover, 
the intensities of the weaker lines (i.e., those for 
which h + k l is odd) are greater as the differ- 
ence f, f, is greater. Thus, if TiRu and TiOs have 
the B2 structure, the weaker set of lines in TiOs 
should be more intense than those in TiRu, in agree- 
ment with the observed fact 

The formation of TiRu and TiOs is accompanied 
by a decrease in the sizes of the atoms involved. The 
lattice parameters of the two compounds, as calcu- 
lated from the Goldschmidt atomic diameters’ cor- 
rected for the change in coordination number from 
2 to 8, are 3.14A for TiRu and 3.16A for TiOs, as 
compared with the respective measured values of 
3.06A and 3.07A. Thus, a shrinkage of about 2.5 pct 
is indicated 


the sarne 
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Experimental Planning for Rapid Determination 


Of Optimum Process Conditions 


Fractional replication of factorial design, a general method for planning experi- 
mentation and for analysis of data obtained, is described as applied to a flotation 
investigation. This method leads to determination of optimum process conditions 
with minimum experimental effort. its advantages over simple factorial design 
are demonstrated. 


A re lanning experimentation and for mum metallurgical results, and what these results 


} _ we iw be de n- will be at ' conditions. Interest in detailed 
t ed ul replication trends is limited to the controlling variables and to 
elatively small num- levels in the region of optimum conditions. Simple 

<p ments t jetermine which of fact ial design has serious deficiencies for suc h ob- 
‘ f bles aré¢ ntrolling ectives and is not the most efficient method of ex- 

whuict nation of level these perimental design 
Deficiencies of Factorial Design 

In a simple factorial design, an experiment must 
Oey ‘ af be made at every possible combination of each levei 
of every variable, once these have been chosen and 
the levels of each to be included have been decided 
. ipon. As the number of variables or levels of each 

reases, the experimental program quickly reaches 
prohibitive size. For example, an investigation of 
: F : only four variables, each at four levels, requires 256 
individual experiments. Often upon completion of 

; ~ ich an extensive program, it is found that one o1 

a more of the variables has metallurgically unimpor- 

a cuky 7 tant effects or that a poor estimate has been made a 

cecil . to the appropriate range of levels to be investigated 

: si The result is that only a small proportion of the data 

‘ ' obtained falls in the range of real metallurgical in- 

j terest. Indeed, it frequently can be anticipated that 
; certain combinations of levels of variables will not 

re xiuce result f interest, but they still must be in- 

to the ain ied that the essential balance, or orthogonality, 
. — — f the design will be retained. It may be true that 

‘ ‘ pended ' naucting fact al design will ' ovide the greatest amount of 

nformation from a given numbe of expe ent 

oe oe Se but it does not necessarily follow that it will lead to 
; ae Wane the desired information with a minimum number of 

experiments. Much of the information provided may 

; be of little value 


enfeld and The disadvantages of simple factorial design are 

efficient vercome to a great extent byvan lification kr wn 

ea : fractional replication Thi s a technique for 

, Band h ic ampling systematically the potential data of a full 
bles over factorial experiment, that the data which would . 

: ‘ . have been obtained if the complete factorially le- 

, ed ft gram had been < pleted Or a ftrac- 

‘ . : tentiall tion of the total array of expe ent made, but 

: : which the expe ents are choger ich a wa that the 

eve P vide pti- mportant advantages of factorial de gn and the 

accompanying analysis of variance are retained. The 

W. A. GRIFFITH. Member AIME, i¢ associcted with Research lata obtained from the first group of expe ents are 

Dept, The New Jersey Zinc Co. (of Pa.), Polmerton, Po used to determine which of several variablk are 

Discussion of this poper, TP 4013C, may be sent, 2 copies, to controlling and which levels of these variables are 


AIME by Sept. 1, 1955. Manuscript, Sept. 7, 1954. Chicago Meet most likely to produce the desired result. Unimpor- 


i] 
19 
ing. February 1955 tant variables and levels of variables then may be 
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Table !. Variables and Levels Investigated 


Variable Level 


Frother, amine 
starch 
Starch, amine 
frother 


Sequence of additior 
of reagents 


2-pH 8 
9 
0.5 ib per tor 
1.0 ib per tor 
1.5 ib per ton 
2.0 Ib per tor 
0.08 Ib per ton 
0.16 Ib per ton 
+—Conditioning time 1 mir 

mir 


Amount of starch 


+—Amount of amine 


dropped at an early stage in the program and subse- 
quent experiments concentrated in the range of 
greatest interest 


Fractional Replication Illustrated 

The advantages of fractional replication can be 
demonstrated by an example from a flotation inves- 
tigation. Details of statistical theory and calculations 
have been omitted, since they are adequately pre- 
sented elsewhere The general object of the inves- 
tigation was to produce a very high purity iron con- 
centrate by the flotation process. Immediate objec- 
tives were to determine: 1—which of five potentially 
important variables were controlling in the process, 
2—which levels of these controlling variables would 
produce the purest concentrate, and 3—to provide 
enough information on the effects of variations in 
the levels of the controlling variables, in the vicinity 
of optimum conditions, to guide subsequent pilot op- 
Concentrate purity was measured by silica 
analysi percentage of SiO 

Based on the 


ores and in order to settle questions raised during 


erations 


results of previous tests on similar 
that experimentation, it was considered desirable to 
investigate the five variables listed in Table I, each 
variable at the levels indicated. For convenience, 
each variable and each level of each variable is de- 
A full factorial 
indicated 
levels, would require 64 individual flotation experi- 
ments. Such a program is illustrated in Table II 
where each item or blank represents a single experi- 
the conditions indicated by the row and 
column headings 
Instead of 64 experiments, an initial block of only 
16 tests was made, constituting a one-quarter 
ate of the full factorial design. The 16 experiments 
pear in Table II as data figures, while the blanks 
‘st of the 64 that were not conducted. The 
were run in random order using a standardized 


noted by an appropriate symbol 


design with these five variables, at the 


ment under 


repli- 


tation test procedure, attempting as usual to keey 
Tests in the initial 
block were chosen in a systematic manner in order 
ple the potential data of the full array. Gen- 


all other conditions uniform 


to sam 


eral procedure for choosing the experiments has 
been summarized by Brownlee” and an arrangement 
similar to this one has been described by Brownlee, 
Kelly, and Loraine 

It will suffice to point out the most important 
characteristic of the chosen block—its balance or 
orthogonality. When only these tests are considered, 
inspection of Table II shows that there are an equal 
number at each level of each variable. Thus, there 
are eight tests at P, and eight at P,, eight at A... and 
eight at A... four at each level of S, ete. Further- 
more, when the tests are grouped according to the 
levels of any chosen variable, each such group will 
contain an equal number of tests at each level of 
each other variable. For example, if all the tests at 
P, are placed in one group and all the tests at P, are 
placed in another, each group will contain four tests 
at O, and four at O,, four tests at A, and four at 
A. four tests at T, and four at T,, and two tests at 
Sa» Sia Sis, and S$ respectively. There are other 
blocks which could have been chosen which would 
retain this essential characteristic. The choice among 
blocks is dependent upon criteria to be considered 
later 

The data obtained from this initial block of 16 
experiments reveal the relative importance of the 
five variables. This is not readily apparent by in- 
spection of the data, since only in the case of a single 
variable O is it possible to employ the usual pro- 
cedure of comparing tests that differ only in the 
level of that variable. But because of the balance of 
the design, it is possible to use analysis of variance 
technique to provide quantitative measures of the 
importance of the main effects of the variables and 
interactions among the variables and to provide the 
estimate of experimental precision necessary to 
judge the significance of these effects 
Analysis of variance is made in the manne! 
usually employed for factorially designed programs; 
however, 16 experiments allow only 15 degrees 
freedom, which must be distributed appropriately 
among the several main effects and interactions. The 
sums of squares for main effects may be calculated 
directly from the data using the calculation formula 

S.S 
where T,, T,, etc. are the respective sums of the 
data for level of the variable, T is the grand 
total, n level of the 
variable, and N is the total number of test Sum 
interactions may be 
calculated in the same way from sums of appropri- 
ate groupings of the data. From the data obtained 
the final analysis of variance table, shown in Table 
lil, was developed 

With only 15 degrees of freedor 
of variance table differ 


number of tests at each 


of squares for the two-factor 


available, the 
analysis which 


the full experimental program of Tal would 


Table II. Full Factorial Design with Data from 


Experiments of Block 1, Pct SiO 


in Concentrate 
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Sym- Sym- 
bel 
1 
Ps 
‘ 
oO 
| 
054 052 6.52 $2 
A T 0.45 033 6.43 52 
T © 32 038 6.31 0.37 


ier to provide a better estimate of precision, the 


Table Ii!. Analysis of Variance Block 1° nonsignificant interaction mean squares were pooled, 
and the main effects were tested against this com- 
signi® osite. Conclusions statistically correct at the indi- 
Degrees Sums of Mean Pet cated < mn fide nce it vel must be of the form 
seourre ef Squares Squares Confidence in P have a signific ant effect and or an 
ana n SxA interaction exists 
j ‘ . As a practical matter, the analysis of variance pro-~- 
‘ a, 4 vide much more than these statistically valid con- 
‘ ‘ ‘ clusior although at a somewhat lower and not 
’ precisely calculable confidence level It is evident 
the relative magnitudes of the mean square 
‘ erms that the sounts of amine A, starch S, and the 
H P are probably the controlling variables in this 
e ct decreasing in importance in the order given 
Effect of differences in the sequence of addition of 
¢ eagent O. while statistically significant, is ob- 
; viou f minor metallurgical importance. Since 
the main effect of conditioning time T is not shown 
' ied > eotther n effect : U to be significant, it is highly unlikely that inter- 
rT ! nvolving T are real. Although there is in- 
joenendent evidence for some interactions (most 
iblvy PxS or SxA), their effect on resuits is 
Ke to be minor in compa! n with main effects 
‘ thes The data of these 16 experiments also indicate 
pared which combination of levels of these controlling 
the iriabie t Ke to duce a concentrate of 
‘ te ar nimun ca content. This information is ex- 
, -» and the effect € the tracted simy by averaging the data for each level 
iad Inter- f each variable, giving the data in Table IV. The 
T ar 6 off ive pe how that the conditions most likely to pro- 
bo ot me variable iuce the lowest silica content are pH 9, 0.05 lb per 
. +} ; ‘ aan ton starch, 0.16 Ib per ton amine, and reagent addi- 
tior f starch, amine, and frother in that order 
shat ¢ ‘ , ‘ Tr? cedure of averaging test esults, no two of 
not be employed indiscriminately. Here it is valid 
P wttts 4 ause of the essential balance, described pre- 
viou whict built into the experimental design 
Leet " +} P rt cedure must be modified if the analysis of 
the } keted ince reve mportant interactions 
internet et = ; As shown in Table II, the optimum combination of 
nditions had not been tested experimentally. The 
a content at this condition may be estimated 
nan ‘ ‘ ‘ ‘ m the lata. noweve! with a pecified degree of 
, ‘ om malther effect n. In th nstance, it is assumed that inter- 
the tior t gnificantly affect the ¢ xpected 
te Value The estimate calculated by adding a factor 
for each variable algebraically to the grand aver- 
exact which the age factor for any variable is simply the aver- 
' . ge f the chosen level of that variable minus the 
‘ ‘ 
ad and average The expected value for the condi- 
thor ndicated previously 
na cer Expected Value 0.436 + (0.415 — 0.436) 4 
‘ a ine @ erme i ther (0. 378 0.436) (0.364 0.436) 0.280 pct SiO 
7 The reliabilit f tt estimate is dependent upon 


‘ ‘ ‘ Table Average Rewilts for Each Condition 


Average 
wit) ma Vartahic Level Pet 810 
45 
‘ : 
bye ea thre of + and not 
42 
the ‘ actior 
A ‘ 08 
oO 44 
col Test t r 
thre sl fash ment 
4 R 436 
square were tested tu t the 1ua Ir 
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Table V. Dota of Block 2, Pct SiO, in Concentrate 


P P, 
Ac« T 0 48 ou 052 
T 0.52 0.54 0.48 0.52 
A T 0.33 0.43 0.32 0.38 
T 0.31 040 0.27 0.37 


the precision of the data from which it was cal- 
culated (and the validity of assumption made) and 
can be specified by calculating confidence limits for 
it in the usual way. These are 

+0.006 (2.37) 


1 


| V™% 


+0.028 pct SiO,. 


The term \/ % derives from the fact that this is a 
one-quarter replicate, s is the estimated standard 
deviation, and t is the appropriate value from a table 
of student’s t.. There are 19 chances out of 20 that 
the mean experimental value at that combination of 
conditions will fall within the range of 0.280+0.0280 
pet SiO,. In six subsequent experiments at the indi- 
cated optimum conditions, the following silica con- 
tents were obtained 27, 0.30, 0.29, 0.28, 0.28, and 
0.28, averaging 0.283 pct SiO,. Expected values for 
any other experimental condition may be calculated 
in similar fashion 

At this point, it is evident that the initial block of 
16 experiments provided a wealth of information to 
guide subsequent experimentation. In order to fur- 
ther confirm that this was the optimum set of con- 
ditions, the right-hand half of the full factorial array 
of Table II (that part at O,) was expanded to a one- 
half replicate by performing eight more experi- 
ments. These provided the data of Table V and the 
analysis of variance, Table VI. These data con- 
firmed the previous conclusions in every particular 
The extent of confounding was reduced by this ex- 
pansion and three additional interactions were defi- 
nitely eliminated as possibilities. Statistically sig- 
nificant evidence of an interaction (probably SxA) 
was obtained again, but it is evident from the rela- 
tive magnitudes of the mean square terms that its 
effects are of minor metallurgical importance 

One new source of variability, block difference 
was introduced. This variability is that attributable 
to any consistent difference between the results of 
the second block of experiments and those of the 


Table Analysis of Variance of Block 2° 
Signifi 
cance 
Degrees Sams of Mean #5 Pet 
Seurce of Freedom Squares Squares Confidence 
P 39.06 Yes 
Ss AxT 3 219.19 73.06 Yes 
4 SxT I 945 55 945 55 Yes 
PxS 0.56 
PxA 7 0.07 
PxT 7 107 
SxT 5.63 Yes 
Re | 3 08 106 
Tots 226 44 
t k difference 0.009 pct S 
Dats “ied (x100) f ease of cak ation 
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eight experiments from the first block. This vari- 
ability arises from some unrecognized difference in 
conditions, such as a difference in reagent strength, 
temperature, etc. In this case, the block difference 
was not shown to be significant. 

If a graph of the effects of the variables is de- 
sired, missing values may be estimated in the man- 
ner shown previously. They will be known with 
somewhat greater precision because of the addi- 
tional data available (\ % in the confidence limit 
calculation will now bey 4) 

Any other part of the original full array of ex- 
periments could have been expanded, either to a 
one-half or full replicate of the factorial design. It is 
obvious, however, that no additional information of 
metallurgical importance would be obtained 


Summary 

In the example given, 24 experiments provided all 
of the metallurgically important information which 
would have required 64 experiments with simple 
factoriai design. The first !6 experiments revealed 
that two of the five variables, amounts of starch and 
amine, were of controlling They also 
demonstrated which set of conditions would produce 
optimum results and allowed reliable prediction of 
those results. Thus, subsequent experimentation 
could be concentrated in the vicinity of optimum 
conditions and prior commitment to an extensive 
experimental program could be avoided. The im- 


importance 


portant advantages of factorial design and analysis 
of variance were retained. The effect of each vari- 
able was tested at each level of every other variable 
Quantitative measures of the variability attributable 
to main effects, as well as those interactions most 
likely to exist, were provided. An estimate of ex- 
perimental precision was available to test the sig- 
nificance of those effects and to judge the reliability 
Enough data were made available so 
effects of the several variables 
In the type of problem most fre- 


of conclusions 
the trends of the 
could be judged 
quently encountered in applied research and devel- 
opment, this modification of the factorial design pro- 
cedure greatly improves its efficiency and provides 
the desired information with minimum experimental 
effort 


Appendix 

For the benefit of those technically interested, the 
experimental design described herein is based on a 
The factor at four levels is 
two pseudo-factors S’ and S”, each at two levels 
The alias subgroup is | = OPS’S"AT. The three in- 
teractions confounded to generate the four blocks 
are PS'T, PS”A, and S'S”°AT. Each source then has 


three aliases as follows 


2° factorial regarded as 


OPS'T OPS”"A OS'S” AT 
P ST S°A AT 
Ss PT PS'S"A S°AT 

PA S'AT 
PS'A AT 

A APS'T PS” 

= PS AT S'S"A 
OP OS’T OPS'S” Al 
OPT OPS'S"A OS” AT 
os” OPS'S°T OPA OS AT 
OPS*T OPS'A OAT 
OA OPS’ AT OPS OS'S” T 
OT OPS’ OPS” AT 
PS’S” S°T SA PAT 
OPS'S” OPAT 
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Zone Refining Formula 


C.(a) (s+a) 
l (1—k)e™ n 
Cc s! 
{a(s—1) + (1—ka) (s+a) 
nay be used if C.(a) is required for a series of 


values of n, and 


(1 


better if computing for only a single value of n 
For k<1 hown that this last equation is 


t to 


t can be 
equivalen 
(s—n) (ke*) 

ka) (s+a) 


a(s—1) + (1 


The infinite series is useful only when k is small 


enough to force rapid convergence In such cases, 
he absern if subtraction from unity has the def- 
nite advantage of preserving accuracy 
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Diffusion in Liquid Lead-Bismuth Alloys 


UCC 


nd G. Derge 


Diffusivity of bismuth in liquid Pb-Bi alloys has been measured by the capillary 
reservoir method as a function of temperature and composition. Fair agreement be- 
tween theory and experiment is found for the measured diffusion coefficients and 
activation energies of diffusivity and viscosity in dilute lead alloys. The measured 
diffusion coefficients in the high bismuth alloys describe mass transport in special 


concentration gradients. 


HE study of diffusion in liquid metals has been 
restricted largely to the amalgams over small 
ranges of temperature and composition. In contrast 
to this, diffusion and transport of ions and molecules 
in aqueous and organic solvents have been studied 
extensively for the past 50 years. The general diffi- 
culty of measuring diffusion coefficients in both gases 
and liquids at high temperatures has been that of 
eliminating convection currents. Measuring tech- 
niques based on freezing and sectioning after the 
diffusion period’ are not particularly satisfactory be- 
cause of the volume changes and segregation which 
occur during freezing 
The most promising technique which is currently 
being developed for liquid metals is the capillary 
reservoir method. This eliminates convection cur- 
rents from the diffusion zone and requires measure- 
ments only of the length and initial and final com- 
positions of the alloy within the capillary. Anderson 


and Saddington* have measured the diffusion co- 
efficient of tungstate anions in aqueous Na,WO,; 
Wang’ * and Hoffman* have studied structure and 


self-diffusion in water and self-diffusion in mercury, 
respectively, by similar techniques 

Selection of the Pb-Bi system for initial study was 
made for several reasons: 1—It afforded a low tem- 
perature system for development of techniques 
which would be suitable for high temperature meas- 
urements in liquid iron. This research on diffusion in 
liquid iron is now in progress as a part of a general 
program on the rates and mechanisms of slag-metal 
reactions. 2—Activity data on liquid Pb-Bi alloys of 
all compositions are available from the emf meas- 


R. E. GRACE, Junior Member AIME, formerly Graduote Student, 
Carnegie Institute of Technology, is Assistant Professor of Metal 
lurgical Engineering, Purdue University, West Lafayette, Ind. and 
G. DERGE, Member AIME, is Jones and Loughlin Professor of Metal 
lurgical Engineering, Carnegie Institute of Technology, Pittsburgh 

Discussion of this paper, TP 3979D, may be sent, 2 copies, to 
AIME by Sept. 1, 1955. Manuscript, Feb. 8, 1954. New York Meet- 
ing, February 1954 
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urements of Strickler and Seltz.. 3—Some data are 
available on the diffusion of bismuth into solid lead 
The measurements on solid alloys were made by von 
Hevesy and Seith’ for the concentration range of 0 
to 2 pet Bi 

An appropriate solution to Fick’s law (unsteady 
state) for the capillary reservoir has been found by 
considering the mass flow which passes through a 
unit area of surface on a slab of infinite thickne 
a function of time. This is the first application of this 
solution to diffusion measurements, although a simi- 
lar solution is available for identical boundary con 
ditions.’ By analogy with heat conduction, the prob- 
lem reduces to a perfectly insulated infinite slab at 
temperature A one surface of which is quence hed to 
C, for all times, t. Heat is permitted to flow from 
quenched surface of the slab to an infinite supply of 
Appendix) 
solution 


a» 


coolant at C,” (see 
For the corresponding 
liquids, these terms become 


2 

Cc l 
initial concentration of component 
0, C, is the final con- 


for diffusion in 


[1] 


where C, is the 
A* in entire capillary at t 


* In this case mponent A is bis AT; na ¢ 0 


centration of component A in entire capillary at t 


t, C, is the concentration of component A in bath 
for ail t, | is the length of the capillary in centi- 
meters, t is the time of diffusion period in seconds, 
and D is the diffusion coefficient in square centi- 
meters per second 

By comparison with solutions to Fick's law used 
in the solid state, this solution for liquids is similar 
to the Grube solution for solids, where the change 
in D with chemical composition is not taken into 
consideration. Difficulty to be expected if large 
concentration gradients are employed and if the 


concentration gradients extend over an appreciable 
length of the capillary 
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Table |. for All Diffusion Runs with Unstirred Bath" 
Ken Sq Cm 
Ne Time. Min Cm Pet per Sec 
7 
4 
4 
whethe the a 
K ents 
mare? 
‘ ipiiia 
hese ase the bounda 
r e De full ed 
1 diff t ‘ ated rate 
i ‘ ture dependence Ver 
t he E ng equa 
+) ‘ il tery 
ignitude. The Einstein-Stoke 
kT 
D 2 
[2] 
The Ey 
ter nd r 
TO vacUUM VACUUM SEAL 
TO ATMOSPHERE 
RON SAMPLE CHROMEL - 
HOLDER - “ALY L 
CONTROL TC. Fig 1—Diegram 
shows the appa 
RESIS TANCE : ‘ ratus used to fill 
FURNACE the capillaries 
MOLTEN 
ALLOY 
CAPILLARY 
ORY =) 
— r 
RESIST ANCE 
FURNACE Fig. 2—The 
CONTROL diftusion ap 
tc porotus is il 
RON CLAMP lustrated in 
MEASURING the diagram 
‘ N, bubbler 
-+ [LEAD BATH can be low 
ered into the 
for 
APLLARIES | HOLOER stirring 
CONTUNNG 3 
ALLOY 
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the atomic radius for the case of simple monatomic 
liquids. The Eyring equation is 


D [3] 


In both Eqs. 2 and 3, the exponential dependence of 
n, the coefficient of viscosity, on T governs the rela- 
tion between D and T 


Experimental Technique 

These measurements were made with alloys of 
high purity lead and bismuth (99.99 pct) melted in 
Pyrex flasks under vacuum. Initial concentrations of 
1.7, 52 and 100 pct Bi were diffused from the 
capillaries intc a 16 kg bath of liquid lead. The 1.7 
pet Bi alloys were run first; and after the final 100 
pct Bi runs were made, the composition of the lead 
bath was greater than 99.8 pct Pb, with bismuth be- 
major impurity. The only other sources of 
impurity additions were stirring rods and sample 
holders. In all cases these were made of Pyrex or 
low carbon iron. The solubility of iron in lead and in 


ing the 


bismuth is less than 10™ pct 
Pyrex capillaries of 0.79 and 1.20 mm bore and 3 


to 9 cm in length were sealed at one 
f surface normal] to the cylinder 


ired a uniform cross-section at the capillary throat 


A clean 


axis in- 


end 


ractured 


The constancy of the bore sizes was checked by 
measurement at 20X. These capillaries were filled 
by immersing them in a given alloy under vacuum 
ind then opening the system slowly to the atmos- 


phere in order to force the liquid alloy into the 
The filled capillaries were allowed to cool 
tored in a desiccator until used. The 
filling apparatus is shown in Fig. 1 

The diffusion runs were made by submerging the 
capillaries in a constant temperature lead bath, con- 
trolled to +2°C in a totally enclosed resistance fur- 
nace. This set-t shown schematically in Fig. 2. A 
ation of 6°C was found in the 4 in 


lary 
n air and were 


temperature var! 


bath depth by exploration with a chromel-alumel 
thermocouple. The bath was hotter at the bottom 
The resulting convection was the only stirring pro- 
led in most of these experiments, and they are 
ussified as “unstirred.” Generally, two capillaries 
were run at the same time, but frequently one would 


reak due to thermal shock. Missing run numbers in 
the tables (I to III) are for those capillaries which 


broke, or in which a gas bubble formed, or where 
the diffusion time was too long for the boundary 


to apply. Only single samples were dif- 
Fig. }—Data for the 
dittusrvity of bismuth 
into liquid leod is il 
lustrated. Line A is 
the Eyring calcula 
tion of diffusivity of 
besmuth into lead at 
infinite dilution 
Lincs B are the meas 
wred diftusivity§ of 
bismuth into leod § | 
when C 1.7 pet 
Bi and C. 
pet Bi Capillary of | 

1.20 mm bore and 
unstirred both. Line 


C is the Einstein 

dittusivity of besmuth 

into leod ot infinite 

dilution 


TRANSACTIONS AIME 


44 


Fig. 4—Dittusivity of 

10 bismuth into lead is 

illustrated when C 

52.7 pct Bi. Cap 

illary of 1.20 mm 

bore ond unstirred 
both 


woo 


| 
| 
] 


107" 
fused in the 52.7 pct Bi runs, because the capillaries 
had to be handled quickly due to the low melting 
temperature of the alloy 


Discussion 
Fig. 3 shows the data for the diffusivity of bismuth 
into liquid lead when an initial concentration of 1.7 
pct Bi was used. The scatter in the data is partly due 


to uncertainties in the chemical analyses after the 
diffusion runs. The analyses are good to +0.05 pct Bi 
in the range below 5 pect and are good to 0.5 pct Bi in 
the higher alloys. The calculation of diffusivity by 
either the Einstein-Stokes or the Eyring equations is 
not In agreement with the data. A value of 1.46A 


was used as the effective radius of the bismuth 
atom,” and values of viscosity of liquid lead were 
taken from Bienias and Sauerwald.” The energy of 
activation of viscosity, A4H*,, of pure liquid lead is 
2380 cal per mol; for the 1.7 pct Bi alloy, it 2040 
cal per mol. The line of best fit for the diffusivity 


data, calculated by the least squares method, is 


2760 

3.37x10* exp sqcm persec [4] 
RT 

and C 1.7 pet Bi. Thus, from the measured dif- 

fusivities, 4H* 2760 cal per mol which compares 

with sH* 2040 to 2380 cal per mol for viscosity 


In comparing these liquid data with values in the 
literature for solid diffusion in 1 to 2 pct Bi-Pb 
alloys,’ the diffusivity increases at the mel 
perature by a factor of about 10°. A single me ire- 


4 
ment of the self-diffusion of liquid lead 


t 
made by Groh and von Hevesy.” Their value o 


2.54x10° sq cm per sec at 343°C is in fair agree- 
ment with the 3.5x10° sq cm per sec measured in th« 
1.7 pet Bi alloy 


Table Il. Dota for All Diffusion Runs with Unstirred Both* 


Apparent 
Ren Time Sq Cm 
Ne Min Cm Pet Bi ( per See 
62 2 
2 4 
2 62 422 6 
42.2 ‘ ‘ 
424 
2 
4 
889 4 ae 
2 2 7 2 
65 44 79 
4 6 25 
67 ‘ 709 407 
27 pet B i Mx B Car 2 


Ne. of 496 44) 394 352 
bismuth into lead is | 
shown when C 
100 pct Bi. Open 

circle represents cap 

ilery of 1.20 mm 
bore and unstirred 
both; X, 0.79 mm 

bore and unstirred &a 
beth; triangle, 120 
mm bore and bath 

stirred ot two bub 

bles per second; and 

closed circle, 1.20 

mm bore and both 

stirred at four bub 

bles per second 0K 


Figs. 4 and 5 show the data for diffusivity of bis- 
muth into liquid lead when the initial compositions 
in the capillaries are 52.7 and 100 pct Bi. The least 
ines for the 1.20 mm bore, unstirred runs 


lare 


are 
9500 
Apparent D, 4.1 exp — sq cm 
RT 
persec [5] 
where C 52.7 pct Bi, AH" 9500 cal per mol 
compared with sH* 1460 cal per mol,” and 


Apparent D, 6.5 exp — sq cm 
RT 
per sec [6] 
where C 100 pet Bi and AH* 8150 cal per mol 
compared with AH* 1440 cal per mol 


The tests for effects of bore size and stirring rate 


are hown in Fig. 5, for the 100 pet Bi runs. Thi 
graph shows the two @ limits for the unstirred run 
with normal capillary size. Neither increased bore 
size nor stirring rate appears to have significant im- 
portance in the measured diffusion rates. The bound 
ary condition at the open throats of the capillaries 
maintained by the very small convective stirring 
present in the diffusion bath during the run 

In Table I the diffusion coefficients reported are 


D the tri diffusion coefficient of bismuth in a 
Pb-Bi alloy of 0 to 2 pct Bi. In Tables IJ and III the 
apparent diffusivities of bismuth in the various con- 


Table lit. Dota fer All Diffusion Runs* 


Apparent 
Dy 
Run Bore Time Stir Sq Cm 
Ne Mm Min Cm Pet BI ring ‘ per See 
2¢ “ 6. “4 ‘ 6 4x 
2 4 Sx 
2 87 
4 ‘ ‘ 
2 ” 42 ‘ 
79 “ 4.12 ‘ 
8 4 a2 
79 2 ‘ 
ve 79 2" 4a ‘4 
78 74 ” 
2 2 4.57 «2 aay 
2% B 449 24x 
2t 
20 “7 F 29 
pet Bi an pet I 
t Rate A is tw bubble per nd and B four bubble per 
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Appendix: Solution of Fick’s Law f 


The total quantity of solute Q, diffused out of the 


nown ne 
Eq. | he s of ce capillary in time t is given by 
determined by refer 

mates: Q. = f° q dt. 


[11] 


Substituting Eq. 10 in Eq. 11 and integrating 
Q, = 2A (C,—C, [12] 


The original quantity of solute in the capillary is 
C.AI and the final quantity is C,Al. Thus, the mate- 
ils balance for the process can be written 


Dt 
C.Al C.Al + 2A (C C,) ( — ) [13] 
Rearrangement of Eq. 13 gives 
[14] 
1 is the desired solution 


foregoing derivation, it is implicitly 
in quantity of solute 


there is no 


as- 


t concentrations are 


Long Capillary nit volume of solution and that 
liffusion may superimposed mass flow out the end of the capillary 
: » result of changes in molar volume within the 

f concentra- 


occur and if ¢ 
14 must 


or 
ma 


If density changes 
are expressed in weight percent, Eq 
regarded as an approximation 
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U. S. Steel Corp.; Kurt Neustaetter, 
Inland Steel Co Secretary-Treas- 

rt W. Shearman, AIME 
Committee (1956 to 1959) 
Kraner, Bethlehem Steel Co.; 
Liggett, Republic Steel Corp.; 
E. Marshall, Armco Steel Corp 


Extractive Metallurgy Div 
mar Automatic J. C. Kin- 
Jr Kennecott Copper Corp.; 
Elect: Bruce Gonser, Bat- 
telle Memorial Institute Secretary 
Robert W. Shearman, AIME. Execu- 
tive Committee (1956 to 1959) N 
C. Fick, Dept. of Defense = 
Graham, Anaconda Co 


Institute of Metals Div. 
Chairman: C. S. Barrett, University 
of Chicag Senior Vice-Chairmar 
W. R. Hibbard, Jr.. General Electric 
Co Vice Chairmar W. J. Harri Jr 


Memorial I: 


Chairmayr 


Jackson, Battelle 
tule E. S. Rowlan 
Bearing Co 


The AIME Board of Directors 
has agreed to a proposal that 
a further study be made of the 
best location for a new engi 
neering building, the Pittsburgh 
offer meanwhile being held in 
abeyance. A full report will 
appear in the August issue 
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Builders, Inc., New 
zed in technical pubd 
Following two yea ee 
Durg? Plate Gla 
ry > 
employed 
a a met 
img im the 
furnace 
Mr. Shea 
M 
bide & 
advertisir 
Tor the 
working 
Metallury 
te C Battelle tute; Secre- 

poration tary-Treasurer Robert W Shear- 
mal late mar AIME Exe tive Committee 

Rast 159 An oO J Shaler. 
products University; J. H 
Products that time he had risen yyy Memorial Insti ae 
teel pr rank he now hold Timken Roller Bewieets - 

al 
work of 1 

arrangemn 
ternational 
that period 
In 1951 he 
U. S. Air For eae 
upervisor anda 
sion manager 
ties div., genera 
Mr. Shearman first 
7 
ae, 
a 


; 1956 AIME Nominations Slate Announced 


For President-Elect tered officers’ training, and served in engineering fron the Colorado 

France School of Mines. Following gradua- 

D g 119 he vas emt ed tion he was ployed by the Stan- 
nk & Ss van Mining lind Oil & Gas Co. at Wink, Texas, 

Kellogg, Idah« In ina na riser teadily during his 

} the U. S. Steel Corp yea! with the company. In 1948 

Min: f ning as a Mr Elk wa elected to attend 

2 ome e adva ed inagement program 


e Harvard Graduate School of 


é ar 
ie Manganiferous Busine Administratior He has 
| f f Crost Minr Fron been active in the Petroleum Branch 
; 44 ited at the of AIME of which he was Chairman 
5 I the 1949 
t ent 
Mir t 
Mir 
M 
M has been extremely a —* 
‘ ‘ he M Bene N 
rie { nm of that 
i eet f e MBD held 
ng He erved as a > 
tine C 
Prey Joseph Lincoln Gillson became an 
AIME Member in 1923. He now 
nominat as a Vice President. He 
eceived | B.S. ar M.A. degree 
gy agar For Vice Presidents Northwestern and his MS 
MIT I e was an asso 
ite profes 42 The f ng 
e p of ecor 
I ‘ ned E. I. du 
le Ne il ( Wilmingtor 
D M ls or : Cha nan of 
the Industrial Minera D AIME 
47 na as aiso Una in of 
. ‘ AIME Cor ttee n Demo 
tization. } is a Vice President 
f AIME 19 4 
For Directors 
Lioyd E. Elkins, production research 
ry A M AIM t 
CAPLE 
Fdward G. Fox, ( f the N nating ¢ ttee, nas a 
ffice 


t ed all Me ‘ R. B. Caples, has been nominated as 


t t state la. and Mex tabulating a Direct f AIME. He was born in 
t} f? t ipt nat If if Glasgow Mo if 188 and gradu 
M ‘ whe eceive an 
‘ ting Boa t Ex tive " legree of Doct f Eng 
ein N et 194 Mr. tarted 
na ares with the Fed 
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| 
4 
| eral M g & Smelting Co. in the 


Coeur d'Alene district in Idaho and 
shortly thereafter entered the em- 
ploy of the Anaconda Copper Min- 
ing Co. He was first employed in the 
testing dept. of the Anaconda Re- 
duction Works, working in collabo- 
ration with Messrs. Frederick Laist 
F. F. Frick, and James O. Elton in 
it of the electrolytic 
zinc process during 1924 to 1916, as 
well as the basic process for the 
Anaconda phosphate plant. In 1918 
he became superintendent of the 
Great Falls, Mont., plant 
made manager in 1941. Mr. Caples is 
presently president and director of 
the Anaconda Aluminum Co., New 
York, N. Y. He ha erved on vari 
ous committees f the Extractive 
Me tallurgy Div. of the Institute ir 
cluding the Executive Committee 
and has st completed a three year 


term as AIME Director 


the developme t 


it 


Charles R. Dodson has been non 
nated as Director for a three year 
tern Mr. Dodson is a tant vice 
president at the First National City 
3ank of New York, New York, N. Y 
He was born in Washington, D. C 
1907 and graduated from Unive t 
of Maryland and Massachusetts Ir 
titute of Technology. He was at the 
University of California fr 32 
to 1934, engaged in graduat« ork 
r athemat p! ina eng 
neering Ir 44M Dodson er 
rolled at the Unive t f Southerr 
California irse ipe 
ind management D ng n 
ne na beer tea wit! 
the General Electric Co., York Ice 
Machiner und Standard Ou! Co. of 
California. Mr. Dodson has been ac 
tive n the pet ndust fe 
year Fror 47 154 he ha 
been engaged r r ting ind 
teaching. I Marct 54. Mr. Dodsor 
1 the petr« leu iept of the 


Andrew Fletcher, president of St 
Joseph Lead Co., has been nomi- 
nated as a Director of AIME for 
three years. Mr. Fletcher, who was 
born in 1895 in New York City, was 
educated at Hill School and the 
Sheffield Scientific School of Yale 
University 
Ph.B. in mechanical engineering. In 
1949 the University of Missouri con 


ferred upor rir an honorary de 


where he received a 


gree of Doctor of Engineering. In 
addition to being president of St 
Joseph Lead Co., he is also presi 
dent of the Mine LaMotte Corp., and 
Bonne Terre Farming & Cattle Co 
He is vice-president of Missouri 
Illinois R. R. Co and director of 
the America-Hawaiian Steamship 
Co. He has been on the Board of 
AIME for mary years and has been 
Treasurer and President 


KUZELL 


vice president in charge 
ct ties for the Phelp 
Dodge Cory Douglas, Ariz ha 
been nominated as an AIME Director 
for three-year term. M Kuzell 


o! ve 


Cc. R. Kuzell, 


i 


aim pre of the Apache 
Powder Co., Benson, Ariz. He $s a 
graduate of the Case School of Ap- 
plied Science. In 1910 Mr. Kuzell 
oined the Anaconda Copper Mining 
or Great Fall Mont. He w trans- 


ferred to Anaconda as superinten- 
lent f eve berat \ meitir n 
14. F 118 to 1935 Mr. Kuzell 
isso ted wit! the ted 
Verde Copper Co., Clarkdale, Ari 

i meit iperinten- 
lent t became general su- 
perintendent. United Verde became 
a branch of Phelps Dodge Corp., and 


Mr. Kuzell was manager from Jan 
uary 1940 to 1944. He was then ap- 


pointed director of labor relations 
and consulting metallurg ist for 
Phelps Dodge at Dougla He wa 
named a tant genera nage 

1946 ar held thi positior intil 
2 when fe are gene ii 


Kuzell hi membership in the 
Mining nere eT 
‘ cal Societ and Mining 

und Met irgicai Society of Amer 

. He } been an AIME Member 

1912. The Arizona Sectior 

mar 446 and he 

in of the Commit 

tee on | action and Refining of 

Copp. mn 1933 


Fred J. Meek, plant engineer for the 
American Zinc Co. of Illinois, E. St 
Louis, DL, has been nominated for a 
three year tern as Director of 
AIME. Mr. Meek has served the St 
Louis Local Sectior a secretary 

Chairman Council Delegate and 
Secretary for the 1951 Annual Meet 

ing Committee. He was Chairman 
of the Council of Section Delegates 
in 1954 and served on the National 
Membership Steer Committee and 
Nominating Committee in 1954. Mr 

Meek attended the University of 
Illinoi taking mechanical engineer 


ing and later mining engineering 


courses Hi chooling was inter 
rupted by World War |. He entered 
the Air Force in 1917 and received 


his comr ion as a second lieuten 
ant He returned to mining work 
with the Egyptian Coal & Mining 
Co. and O.K. Coal Co. In 1932 Mr 
Meek joined the Eagle-Picher Lead 
Co., Hillsboro, JIL, later transferring 
to the mining and smelting div. He 
became plant engineer for the Amer 
ican Zine Co. of Illinois in 1941 at 
E. St. Louis, IL Continuing in that 
position he was p it in charge of en 
nd later became iperin 


tendent of the power and mechani 


Gail F. Moulton, presently a Dire 
tor of AIME ha beet renominated 


three vear te Born in Chi 
cag a he graduated fror the 
Ur t of ig 20. Mr 
Moultor ha had exter e expel 

ence the petro) art ndustry 
. ed as a tant professor at Ur 

ver ‘Ss Jakota, and headed 
the petroleu ect n of the Illini 

State Geological Survey. He wa 
later employed by United Gas Co 
Electr Bond & Share Co and 
Ralph E. Davis, Inc. Late in 1951, he 
oined Rockefeller Brother Ir as 
a consultant A f ne Vice Chair 


man of the Petroleum Branch, Mr 
Moulton has served on many AIME 
committees and for the last vear has 


been Treasurer 
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RESEARCH IN PROGRESS SESSION 


Institute of Metals Div 


New Metals Section 
Holds Dinner Meeting 


A dinner meeting of the Niagara 
r 


F ntic Sectior va veld at Niag 
Fa N. Y. on May 18, 1955. The 
speak for the meeting was J. H 
H of the metal- 
j lept.. General 
Elk Researct Laboratory Dr 
H Na recentiy nonored as 
t tstanding ng man in the 
t fic f metallurgy 
k entitled M ern 
j ) H lomon first reviewed 
ist te now tnat it is 
upon the general prince ple of 
pt il chemistry which were de- 
all laborator tudies 
ide ea or ore ago. At the 
present t etallurgical laborato- 
tudying principle which 
ndustrial applications 
n the ears. The main subject 
of the ilx Na é ew of present 
ff cat r 
i wtt These 
f lamental to prox 
‘ ter gra growtl 
I reactior ind the 
ge i mat al Dr 
pre at ntrol of 
t n metal ich as is al- 
trar tor will 
t ateriais in 
t tr prope tie far 
Ast king 
j f etallurgica 
h, D i n stated that 
tting nt rk t le- 
the aterials for use 
give 
t re from Dr. H 
x tatior vas 
the active discu n pe 
R. W. F nta T hni- 


EJC Sponsors 
Nuclear Congress 


Engineers Joint Cour 
N i Er et 
( be I 
‘ ) ‘ to 16. 1955 
‘ ggested title for 
be presented at that eet 
i xpected tnat a 
4 levelor nt 
t pr ed the 
t eties Attendance is 
t be trom Z000 ts 3000. or 


t of the Ann Arbor Nuclear 


held in 1954. Headquarter 

‘ be the Stathk but sut 
all pape be present 

t Cle nd ere 
Ext tion will be eld 


The latter is being sponsored by the 
American Institute of Chemical En- 
gineers and will be coordinated with 
the technical progran Registrants 
at the Congress will be admitted to 
the Exposition free at all times, but 
public admission will be restrict 
to Saturday and Sunday, the 10th 
and lith, and to evenings. Copies 


f the papers will be sold at 30¢ each 


Request for Catalogs 
Received from Formosa 
H. R 


Hanley, lately of the Mis 


sourl Schools of a men 
ber of the St n n 
‘ 


Formosa as advisor to the lept. of 
mining and metallurgy, Taiwan Col 
iege of! Eng neering 


He is faced with the 


task of set 
ting up a ining and metallurgical 
lept. from the In addition to 
setting ip ar nstructior progran 
Professor Hanle wh 2 Legior 


also charged with procurement 

One of his greatest proble the 
lack of italog He is making a 
piea t« inufacturers to f the ap 
Those who can help should pond 
lirectly to: Prof. H. R. Hanley. Pur 
due Tean o Army Section, Artil 
lery Sch 63, c/o Postmaster 
San Francisco, Calif 

Profe r Hank eeks literature 

ering eve nce ible ten 
ised in the metallurgica and r 


ng fields 


— Coming Events — 


Aug Denver Research Institete 
lust \ t X-Ray A 


“ 
t ersit { Denver 
De 
Aus : Stanferd Research Institute 
Blect jtornat 
Product St 


Metal Shew,. Ct se 


Pereelain Enamel! Institute 
leah H 


Sept 5-8, American Institete of Chemical 
Engineers, Lake P i Club, I i 


Sept. 76-30, Atemic Industrial Forum 
at Park Wast 


Sher gt 
D. 

Oct. Electrochemical Seciety 
Pe H Pittsburg? 

Oct 17-19 AIME MD. fa eeting, Ade 
t Hote adeipt 

Oct Steel Founders Seciety of Amer 
tea f «t ® Greenbrier wr Su 


Oct. 17-78, National Cenference on Industrial 
Hydraulics eeting. I Salle H 


Oct i-Nevw 


National Lubricating Grease 
Institute eet t 
Hote 


Edgewater Be 


Nev Werld eon Applied 
Selar Energy. W i-H Phoe ‘ 
Ner ‘ 


AIMP Pittst gh I Sections 


Sept. 15 


Metallurgy Div 


1955 is the deadline for the Institute of Metals Div 
New York Annucl Meeting and the deadline for all Iron & Stee! Div 
papers to be preprinted. Papers received by this deodline but re 
quiring revisrom may not be processed in time to permit scheduling for this meeting 


papers for the 1956 
and Extractive 


JOURNAL OF METALS 


Fall Meeting 
\ Research in Progress ses- 
efor 
Sept 6-16 


A. LYTLE 


Arthur R. Lytle, Electro Metallurg: 
cal Co. has been appointed vice 
president in charge of research. Mr 
Lytle has been associated with Union 
Carbide & Carbon Corp., since 1923 


Paul A. Lockwood, production metal.- 


lurgist, Thompson Products, Cleve- 
land, Ohio, has joined the Owens 
Corning Fiberglass Corp., Newark, 
Ohio, as a research metallurgist 


William D. Heavner, Jr. recently 
research staff of Alle- 
Steel Corp., stain- 
section, Pitts- 


joined the 
ny Ludlum 


less steel research 


burgh, Pa 


Austin R. Zender, executive vice 
president, Bridgeport Brass Co., 
Bridgeport, Conn., was elected pres- 
ident of the Copper & Brass Re- 
search Assn.. New York, N. Y 


Ernest C. Kron, formerly steel metal- 
promoted to divi- 
sion metallurgist, Doehler-Jarvis 
div., National Lead Co 


lurgist, has beer 


Charles G. Beavers, Jr., was elected 
president of Follansbee Metals, Inc., 
Wallingford, Conn 


A. B. Miner was reelected president 
and chairman of the board, National 
Lime Assn. Mr. Miner is general 
of the industrial div., 


N.Y 


saies manager 


National Gypsum Co., Buffalo 


Bernard Kopelman has been ap- 
pointed chief engineer of the atomic 
energy div., Sylvania Electric Prod- 


ucts 


W. 8S. Lowe, president of A. P. Green 
Fire Brick, C Mexico, Mo., was 
elected president of the Refractories 
Institute, Pittsburgh, Pa 

George C. McKann, Jr., was recently 
appointed executive director of the 
National Metal Trades Assn., Chi- 


cago, Ill 


Byron E. Grant has been named as- 
sistant manager of the Braden Cop- 
per Co., div. of the Kennecott Cop- 
per Corp. Mr. Grant will be located 
in the Sewell-Rancagua area of Chile. 


William L. Walsh has been appointed 
assistant to the president of Kenne- 
cott Copper Corp., New York 


C. A. Brashares has been named vice 
president, sales and A. Brent Wilson 
has been elected vice president, sub- 
sidiaries, Harbison-Walker Refrac- 
tories Co., Pittsburgh. W. C. Rebin- 
son, Jr., president of National Elec- 
tric Products Corp., was elected a 
director of the company 


Roger M. Bleugh succeeded Benja- 
min F. Fairless as chairman of the 
board and chief executive of the 
U. S. Steel Corp. Mr. Fairless has re- 
tired, but will continue as a member 
of the board of directors and the 
finance committee of the corporation 


G. R. HEFFERNAN 


G. R. Heffernan has been named 
managing director for the Premier 
Steel Mills Ltd., Edmonton, Alberta, 
Canada. Mr. Heffernan had been 
superintendent of the Vancouver 
Steel Co., Ltd, Granville Island, 
Vancouver, B. C 


Harris, Battelle Me- 
Columbus, Ohio, 
assistant to the 


William J. 
morial Institute 
has been named 
director and will be located in 
Washington, D. C. Dr. Harris has 
been associated with Battelle for ap 
proximately a year 


C. A. Stokes, director of research 
and development for Godfrey L 
Cabot, Inc 3oston, Mass., has been 
elected to the board of directors of 
the Industrial Research Institute 


W. H. Sparr, International Nickel 
Co., Inc., has been transferred from 
Pittsburgh, Pa.. to New York, N. Y 


Personals 


Ivor D. Thomas is a metallurgist 
with General Electric Co., product 
metallurgy unit, engineering dept., 
at the Hanford atomic installation 
near Richland, Wash. Mr. Thomas 
was formerly plant manager, Induc 
tion Steel Foundry Co., Salt Lake 
City, Utah 


Norvall M. Hunthausen, district sales 
manager for the Mexico Refractories 
Co., Mexico, Mo., has been appointed 
assistant secretary and treasurer of 
the Southwest Section of the AIME 
National Open Hearth Committee 
He succeeds H. W. Gethin, Laclede- 
Christy Co.. who has been trans- 
ferred to Pittsburgh 


L. W. Cope is a metallurgist at the 
Wah Chang Mining Corp., Lincoln 
mine, Tempiute, Nev. He had been 
associated with the U. S. Vanadium 
Co 

W. Maxwell Parris has joined the 
staff of the technical dept., metallur 
gical div., Titanium Metals Corp. of 
America, Henderson, Nev. Mr. Parris 
was formerly assistant chief, light 
metals div., Battelle Memorial In 
stitute, Columbus, Ohio 


Donald J. McPherson has 
moted to assistant manager of the 
metals research dept Armour Re 
search Foundation of Illinois Insti 
tute of Technology, Chicago, Ill. Dr 
McPherson was formerly supervisor 
of the dept.’s nonferrous metallurgy 
section 


been pro 


Richard T. Fleming has retired as 
vice president and general counsel 
of the Texas Gulf Sulphur Co., New 


York 


istant general 
Harbison-Walker Re 
Pittsburgh, has been 
manager He 
with the 


Richard S. Moore, a 
sales manage! 
fractories Co 
appointed general sale 


sociated 


first became as 
company in 1929 


JULY 1955, JOURNAL OF METALS—847 


Rig 
; 
a 
pitas 
2 
a 
R. S. MOORE 


Robert A. Eidam is now a special! ap- 
prentice for the Continental Foundry 
& Machine Co., East Chicago, Ind. He 
had been associated with American 


Steel Foundri« Hammond, Ind 


Rebert L. Fischer, 


Boeing sft Co fs esearch 


nember of 


W. L. Bruckart, a former 
the staff at Battelle Memorial Insti- 
tute, Columbus, Ohio, has accepted a 
position with the Universal-Cyclops 


Steel Corp., Bridgeville, Pa 


‘ fant enera ile 


Harold L. Beynon has been pro 


recently oined 


Arthur B. Michael 


the research dept of the Fansteel 


Metallurgical Corp North Chicago, 


lLiwaukee 


Raiph EF. Carter apt 


‘ ' ! David L. Wheeler is a trainee with 
: - E. KINELSKI the Kaiser Aluminum & Chemical 
’ : Corp Newark Ohio He recently 


transferred from ferrous to alumi- 


Robert FE. Wasser, tant secre Eugene H. Kinelski has joined the num metallure’s 


t t Nickel ( Ir as a re Charles N. Treat, Republic Steel 


‘ et irs r e welding Cory nad been general foreman at 


earch laboratory at Chica Ill. Mr. Treat now super 


Cyrus J. Taylor é f N t N. J intendent at Moline, Il 


Richard G. Tar Henry 8S. Schaufus recent becarne James McIntosh has joined the Iron 
; ‘ ‘ neer of Va King mine, Shattuck-Denn Mining 


bell f the eta il ef 
Aon Cort Humboldt, Ariz.. as a metal- 


Charlies Wicks Sherman, Latrobe 


Roy witare ‘ pI ted ca Elect Metal Cory Yonkers 


N. Y., has been appointed director of 


researcn 


Harleston R. Wood | been elected 


r. K. Redden t ven Earl W. Ganslein is now associated 
‘ with the Buckeve Steel Castings Co 
= ws Columbus, Ohio. He had been with 
7, John T. Whiting, the A me in Steel Foundri« Alli 
ar (>? 


Kent R. Van Korn, director of re 
Harold B. Emerick | been named earch for the Aluminum Co. of 


Amer i, received an honorary de 


Carl W. Wagner 


| } tes ‘ bs 
~ Laug ( p.. I gree Doctor of Science from Case 


nstitute of Technology. Dr. Van 


Torr ‘ 
| a graduate ol 


1926 class 


Maurice EF. Shank, dept 


W. Boone 


relation ol ibulal 


Fdward L. Thellmann, Ir Open He th Steel C of 


Frank W. Glaser 


Olof A. Sundstrom t f He was f erly vice the Beaver Fa plant 


Nort M i Ae ' n Electro Met Henry Mahistedt has been named 


K 
y 7 N y inager vf ale the electro 
plat ng castings ale lept 
W. E. Ferguson ha ned the Lock inited chromium div Metal & 
Robert Maddin t ink, Calif t Corp. Donald RB. Meserve 
He had beer bec es a tant manager of ales 
t U.S. Steel Corp., Columbia 
Md en af ' Pittsburgh. Calif Henry S. Wingate, president of the 
International Nickel Co f Canada 
H. R. Youngkrantz, chief engineer Ltd., was appointed a director of the 
; nex S tine ¢ c ago. IIL. has Bank of Montreal Mr Wingate 
7) p \ een ¢ ed to Cleveland. Ohi ned Ir 20 years ag and be 


came president of the company and 
Morris Boorky, president, Presmet ts U. S. subsid vy in 1954 
Paul W. Marshall, | St ( W Ma il liary 
, motees to Mor t of the Metal Powder Assr John W. Swengel has been ap- 


Pa << a tant t the t B. T. duPont, ‘ inage plasti pointed work manager of the 
plic ese He had t Natior U. S. Radiator R-P&C valve div American Chair 
hee esea n the re : Johnst n, Pa.. was elected & Cable Co Reading, Pa. He 
. : eveloy at f the board of the assa formerly served as foundry super- 
ittsburs P tior intendent 
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vith 
det 4 the hee: 
Westir Flect Corr stor 
power div., Pitt Pa, as a de 
elopment engineer 
; nager t the \ Green Fire 3 4 
hac heer ‘ or ‘ nage 
Andrew Fletcher, president of 5St 
é Lead a ll. Dr. M ie! id been a research 
Industries Asst engineer with Allis-Chalmers Mfg 
tere j 
Ma ts Institut 
tt \ W In 1942 he of Case 
' IME National SSE was appointed manager 
Ch t products div Babcock & Wilcox 
in He i beer was appointed a Cc Beaver Falls, Pa. Prior to this 
eT esearch associate \ I lent na director of tne appointment. Mr Boone was staff 


S. A. Ambler, assistant works in- 
dustrial engineer, Jones & Laughlin 
Steel Corp., continuous galvanizing 
dept., Pittsburgh Works div., has 
been promoted to general foremar 
J. C. Hawkins, former general met- 
allurgical investigator has been 
named assistant general foreman 
dD. W. Ferguson, assistant general 
foreman, electrical, has been pro- 
moted to master mechanic 


Francois J. Olmer, Armour Research 
Foundation of Illinois Institute of 
Technology, has been promoted to 
senior chemist. Dr. Olmer joined the 
Foundation as a research physical 
chemist in 1952. He had been in 
charge of special development work 
for the Celanese Corp. of America, 
Summit, N. J 


C. G. Hogberg has been appointed 
assistant to vice president of the 
Michigan limestone U. S. Steel 
Corp ana ne wil } located 
in Detroit. ] ogber has been 
associated wit Stee! 

1935. Mr. Hogberg i member of 
the Executive Board of the AIME 
Blast Furnace, Coke Oven and Raw 
Materials Committee. In 1945 he was 


recipient of the J. E. Johnson Award 


Donald E. Wingate was named « 
engineer for Ipsen Industries 
Rockford, Ill. He had been associ 
ated with Surface Combustion Corp 


William V. Burley, Jr., has been ap 
pointed comptroller of Titaniun 


Metals Corp. of Ameri New York 


Arnold H. Miller, consulting engi 
neer of New York at present do 
examination work in Mexico 


Robert F. Ames has been named 
New York purchasing representa 
tive, U. S. Steel Corp. Mr. Ames 


joined U. S. Steel in 1934 at South 
Chicago Works 


Andrew E. St. John has been ap 
pointed technical manager of Barth 


Smelting Corp., Newark, N. J 
L. M. Petryck has joined the devel- 


opment and research div., Interna 
tional Nickel Co., Inc., as a research 
metallurgist in the welding section 
of the research laboratory at Bay- 


onne, N. J 


William A. Griffith has been trans 

de pt Ne 
Jersey Zir Palmerton, Pa to 
the Bertha mineral div., Austinvill 
Pa 


ferred from the re 


Whitman G. Rouillard is manager 
American Smelting & Refining Co 
Ta oma Wast smelter 

formerly manager of 
plant, Salt Lake Cit; 


C. L. Kingsbury, Jr... Reserve 

Co gabbitt, Minn ipe! 

dent of crushing and concentrating 
operations at the Babbitt plant. Mr 
Kingsbury joined Reserve in 1951 a 
a field engineer 


William A. Seedorff has been pro- 
moted to project engineer, Inter- 
national Minerals & Chemical Corp., 
Carlsbad, N. M 


Harold E. Rowen is general manager 
of the new Dwight-Lloyd div. of 
McDowell Co Inc., Cleveland. He 
was vice president of Sintering Ma 
chinery Corp., Netcong, N. J., re 
cently acquired by McDowell Co., 
Inc 


Donald E. Moat has been appointed 
assistant director of marketing of 
the Leeds & Northrup Co. Mr. Moat 
was formerly district sales manager 


at the Cleveland offices 


Charles W. Mote was named plant 
manager of the Dodge div forge 
plant, Chrysler Corp., Detroit. Mz 
Mote joined the Dodge forge plant 
in 1933 


Benjamin F. Shepherd, chief meta! 
lurgist, Ingersoll-Rand Co., Phillips 
burg, N. J., recently receive 

honorary legree of Doctor of Sci 


ence from Lafayette College 


William N. Brinker has been pro 
moted to market development man 
ager, Porcelain Enamel Institute. 


Washir gton D.C 


Bert L. Wood, consulting engineer 
American Iron & Steel Institute 
New York will retire on October 1 
Mr Wood |} erved the steel in 
dustry for 40 years. He 
will contir ir isory capacity 
as @ part-time < isultant William 
G. Kirkland will succeed Mr. Wood 
Mr. Kirkland joined the taff of 
AISI in 1947 


John L. Reuss | 


John L. Splane, general superinter 

dent, U. S. Graphite Co and Cia 
Minera de San Jose Moreno, So 
nora now wit! Francisco 
Mines of Mexico Ltd., San Fran 

del Oro, Chihuahua 


J. L. SPLANE 


C. Kremer Bain has retired from St. 
Joseph Lead Co., Bonne Terre, Mo., 
to enter private consulting work 


Lois G. McDowell, assistant profes 
sor of mechanical engineering, Ili 
nois Institute of Technology, Chi- 
cago, has been elected national pres 
ident of the Society of Women En- 


gineers for 1955-56 


George B. Beitzel has retired as 
president of the Pennsylvania Salt 
Mfg. Co., but will continue to serve 
as a member of the board and will 
become chairn of the board of 
the companys foreign operations 
subsidiary 


L. W. Buechler has been named 
chief engi r for Vickers electric 

Vik Im St Louis, Mo 
Buech!] was formerly manager 
control roduct sales for the div 


Roger H. Watkins has joined the 
Cleveland sales staff of F. J. Stokes 
Machine Co., Philadelphia, Pa., as 


senior sales engineer 


Emo D. Porro has been appointed 
engineering assistant to the direc 
tor Stanford Research Institute 
Stanford, Calif. He has been a staff 
member nce 194) Previous to 
at he had been assistant to the 
ice president, Kaiser Services, Oak 
land, Calif 


Hamilton Gray, professor of civil 
engineering, University of Maine, 
has been appointed chairman of the 
dept. of civil engineering college of 
engineering, Ohio State University 
Professor Gray will assume |} 
on October |! 


Thomas E. Williams has been named 
general uper ntendent of West 
Coast plants, Joseph T. Ryerson & 
Sor Inc TI will be in addition to 
his duties as superintendent of the 
Los Angeles steel service plant 


Richard L. Templin, assistant direc 
tor of research, Aluminum Co. of 
Ameri i been awarded an hon 
orary nm rship in the American 
Society , ne Material This 

the ig? awi 1 the ociety 


bestows 


Don Palmisano | yromoted 
outl 

representatiy electrode 

Corp 


oiuned 


Harold 


Nutt wa 


re ii 


D. Thomas 


with Ir juctior 


Peter Zouraeff, Reynolds Alloys Co., 
Ala with Rey 
lds Metals Co., Richmond, Va 
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a metallurgical er 
gineering trainee with Oliver iror Aiea 
mining div eastern district, Vir Pe 
ginia, Minn 
ay 
Great Lake mn 1951 
at and of the | g & 
Beck div Bor Warner ( ry Chi 
of igo, Ill He was previou vice 
president and general manage: 
Steel Foundry ( 
i ke City ha oined the en 
as a research metaliurgist 
if 


Obituaries 


J. W. BR. Husen (Member 1953) died 
iddenly polio in Marrakech 
French Morocco, Mar. 23, 1955 Mr 


Husen, representative of the Billitor 


{ n Morocco, was born in Ho land 
vif After receiving fis techr 
al 1 ning from the Technische 
Hooge hool in Delft, he was assist 
nt to Prof. H. F. Grondi in his 
‘ geology and ore dressing 
ator Mr. Husen wa later 
f engineer and then director of 
ete Internationale 
‘ ‘ Ma 
He was al ting 
: ind ore ecenti 
ete M r Qued 
M 
ohn W. H. Hamilton ( Me 1912 
if M: 
Kr 
ite Te 
engasg post 
erm M: 
‘ S and 
‘ ‘ the 
. I 
Robert D. Pike M ‘4 lied 
San Frar 
a] 
ul is 
aT i 
we ed 
Wyoming 
i Montana ked 
oht 
lid re 
1. J. Simeox (Member 1932) died of a 
heart atta n Fet j } He was 
ett ege 
iM scl f Mine and 
Meta va t « ed 
tr ‘ Mir g 
it Ana 15. Mont. After a ta 
| wit! ‘ r ea 
New York, N. Y.. Mr. S x ed 
the |! Dodge Dougla 


¥ ea ther tre etal 
urgical ff International 
Nickel Copm ff. Ont... Car 
ida. Tw ea 23 with Inco 
vere pent the Petson iistrict in 
Fir 4 ; At the time of h etire 


ment. M Simcox wes assistant to 


the general manager 
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Date Date of 
Elected Name Death 
1962 G. E. Aller Unk wn 
1916 Barclay G. Andersor May 16, 1955 
ion rosby F Barker, Jr Unk wr 
Jot >. Bart Feb 1955 
1918 Ge « Basse x wr 
i912 @ Ma 5, 1955 
Unknow 
“4 Unkne 
aster AL 22, 1955 
19% H ke Ma 29, 1954 
deber le Ma 6. 1955 

woe rt t Unknowr 

Lat Ma 1955 
I Ma 6. 1955 

937 Ju Ke J Ma 8. 195 

912 Ka igrebe Ma 13, 195 

Pa Feb. 13, 195 

902 M 9, 195 

Ma 5. 1955 

Apr 15 952 

May 29 

B Rows Unk 
io H. P. Townsend Feb. 17, 195 


for 
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This test may expose a “has been” 
in your testing lab 


Are your machines adequate for present-day testing pro- ADEQUACY TEST 


cedures? Or do they perform just well enough to get by? 
Often, testing machines in daily use appear to be doing the Does my present equipment have in 
: finitely variable speed control? 


job . . . yet by today’s standards are limited in versatility, 
convenience and accuracy. Can it control rate of loading? 


Now may be the time to question whether you are getting as Can it control rate of strain 


complete a test as you could with up-to-date equipment. te Oe 
Simply ask these 13 questions about your machines, It will elastic range indefinitely? 


take only a few minutes and may reveal whether your ma- 
' é § Can it utilize automatic load holding 


chines are really adequate . . . er outmoded and obsolete. attachments ? 


4 or more “no” answers probably mean you are not accomplish- § Is its drive smooth enough not to affect 


? 


. the indicating system 
ing as much as you could with new testing machines. And in 
that case it will pay you to return the coupon. Just check the 7 Can it obtain high magnification stress- 


strain recordings? 


“no” answers by number. A Riehle engineer will be glad to 


discuss specifically how Riehle equipment can make your test- Does it have unlimited testing stroke 
ing more accurate and more convenient. over the complete distance between up 
per crosshead and weighing table? 


Mail the coupon even though you may not actually be in the 
Can it handle off-center loads? 


market at this time. 


Can it wnload as accurately as it loads 
Does it have simple controls? 


Is its accuracy independent of the 


operator's skill? 


Am | proud of the appearance of my 
testing equipment’ 


One test is worth a thousand expert opimions 
niversa yvdraulic 
Testing Machine inate a Would you te to heave «4 we plaque bearing this famous 
¥ axiom? The plaave is simulated bronze, witeble for hanging 


in your lab There's no charge or obligation; just write for it 


RIEHLE TESTING MACHINES 

Division of American Machine and Metals, Inc. 

Dept. JM-755, East Moline, Iilinois 

Give me full details on what could be accomplished with 
up-to-date equipment 


a2 Orvision OF 


American Machine and Metals, Inc. 


EAST MOLINE TLL 
For more informotion, Circle No. 305 


(Check numbers of questions answered “nx 
501, 40h $0, 604 71 
il i2 


Send free plaque 
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PRODUCTS that are 
improving the efficiency and speeding 


production in American industry 


USG" Brushes ore avail- 
able in production or re- 
placement lots in carbon, 
carbon - graphite, electro- 
graphitic, pure graphite 
and metalgraphite grades 
for all types of rotating 
electrical equipment. 


GRAPHITAR® (carbon-grophite) is o 
versatile engineering material of 
corbon-graphite composition offered 
in mony grodes for bearings, seals, 
piston rings, pump vones, thrust 
washers, valve seots, pistons, bush- 
ings. 


Metallurgical grophite 
grodes for carbon control 
in iron and steel melting, 
mold cootings, hot top- 
ping compounds, Cordip’, 
Mexeloy for refroctory 
mixtures and other MEX- 
ICAN products 


GRAMIX": Sintered-metol bearings, geeors, 
coms, slides, rollers, bushings and machine 
ports available in ferrous and non-ferrous 
olioys. The mete! with the bwilt-in lvbri- 
cation 


OUR 101ST YEAR 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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